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COMPLETE INFORMATION ON: 


—————Welding Torches 


Welding Nozzles 


—&Cutting Attachments 


—» Cutting Torches 
(hand and machine) 


Cufting Tips 


Regulators 


Manifolds 


| ———+ Fittings 
i ——® Welding and Cutting Data 


Welding and Cutting Equipment 


(2 pages of handy charts) 


GET YOUR COPY NOW. 


Dealer Inquiries Invited 


for welding 


VICIOR EQUIPMENT COMPANY. 


Mfrs. of welding & cutting equipment; hardfacing rods; blasting nozzles. 


3821 Santa Fe Ave. 844 Folsom Street 1312 W. Lake St. 
LOS ANGELES 58 SAN FRANCISCO 7 CHICAGO 7 
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An all-position 


mild steel rod 
for AC or DC 


Increased production and less clean- 
up time will interest you in this new 
electrode. An electrode that will han- 
die 80% of your production work. 
You ll find the Hobart No. 12 will 
actually cost you less than similar 
E.6012 electrodes because of its in- 
creased efficiency. 

Just as many leading metal fab- 
ricators have found, you'll quickly 
see the difference and the reasons 
why, Hobart No. 12 is the most ver- 
satile electrode, once you've tried 
them. Write for samples, take them 
out to your welding operators and 
let them make the test under your 
own actual working conditions. That 
is the only way to be convinced of 
Hobart's superiority for more actual 
weld deposite, less stub loss and 
spatter—even when higher than 


normal welding currents are used. 

Whatever your welding problem, 
you II find the Hobart 12" will give 
you a faster, better, more efficient 
job. Try them now —see the differ- 
ence and what they will really do. 


Faster welding at lower cost is yours with 
rugged, heavy duty HOBART welders. Only 
HOBART welders with advanced engineer- 
ing give you the lower cost and constant 
performance so essential to profitable pro- 
duction welding 


| Try, compare HOBART's long life, trouble- 
2 P free service, extra capacity, and simplicity 

{ = yy of operation with any other welder. Prove 
\ to yourself that HOBART is by far your best 

a buy and why HOBART has earned the top 


position in every branch of welding! You'll 
marvel at its convenience features and sim- 
plicity of operation. 


Hobart Electric Drive DC Welder 


(illustrated)—only one of a com- 
‘poad plete line to meet every welding 
need 
11 
¢ pet \ 8 Hobart “One of the world’s largest builders of are welding equipment” 


; el HOBART BROTHERS COMPANY, BOX WJ-103, TROY, OHIO 
re 
i -) "Mew te Without obligation, send information on items checked below 
Mires (Electric Drive Welder Gos Drive Welder Pipeliner Welder 
Valuable 


} Bantam Champ Welder. Send me () Welder Catalog [) Elec- 


new vest 


pocket? trode Catalog Accessory Catalog 
box WJ-103, Troy, Ohio FIRM 
1 


YOUR 


The M & T representative is backed by 


a line of welding materials and equip- 
ment as complete as any available any- 
where. In addition, he is a seasoned, 
practical welding engineer, well quali- 
fied to be of genuine help on your weld- 


ing problems. 


If the latest in welding techniques, 
equipment and materials can assist you, 


our man is your man—for orders or 


advice. q 
DETINNING ® THERMIT WELDING ® METALS and 
ALLOYS ® ARC WELDINC—Materials and Equipment 
CHEMICALS and ANopES for Electrotinning VISIT US : 


CERAMIC OPACIFIERS © STABILIZERS for Plastics At the METAL SHOW—Space 1908. 


TIN, ANTIMONY and ZIRCONIUM CHEMICALS 7. 


; METAL & THERMIT CORPORATION 


100 EAST 42ND STREET © NEW YORK 17,N. Y. 
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You Name The 
Welding roves 


Pressure .... 


Heavy duty “Nu-Twist” holders 


Mallory has the 


+ 


holders and 


electrodes 


4 


4 


in stock 


4 


Resistance welding pressures trom under 100 | pounds Standard duty "KO" holders 
pounds to over 6,000 pounds can be handled : 
by standard Mallory holders and electrodes 7 
available from = stock. The new Mallory 
“Nu-Twist™* holders and electrodes will per- 4 
form in the high pressure ranges needed for “ 
welds to meet all present military specifications ‘ee seta 
...as well as the most demanding com- pounds 
mercial requirements. 1 cooled holders 
Because holders and electrodes are available in tm | 
a wide variety of shapes and sizes, standard % ‘A | 
units can be combined to handle practically R UNDER 
any resistance welding job without the cost 4 100 Bench-type holders 
or delay of special designs. + pounds 
Like to see our complete line? Then write to us, 
" or have your Mallory distributor drop by with + 
a copy ol Catalog 990C. See for vourself the 


complete range ol holders. electrodes and 
accessories that are on the shelf for 


immediate delivery 


Expect more... 
Get more from MALLORY 


tai 


in Canada, made and sold by Johnson Marthe nd Mallory, Ltd., 110 ladustry Street, Toronto 15. Ontario 


RESISTANCE WELDING ELECTRODES, HOLDERS, RODS AND BARS, DIES, CASTINGS, FORGINGS 


*Lrade Mark: Patent Applied For 


P.R. MALLORY CO. inc. SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical — Resistors * Switches © Television Tuners * Vibrators 
A L L O y Electrochemical—Capacitors « Rectifiers * Mercury Dry Batteries 
Metallurgical —Contacts* Special Metals and Ceramics * Welding Materials 
MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 


For information on titanium developments, contact Maliory-Sharon Titanium Corp., Niles, Ohio 
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CUT YOUR 


WELDING TIME 


IN HALF 


UNIONMELT 


Multiple Electrode Welding 


with 


UnionMELT Multiple Electrode welding 


with two or more electrodes in tandem. 


transverse, or other positions increases weld- 


ing speeds up to three or four times faster 


than single electrode welding. 
By using two or more electrodes in the 


same weld zone, magnetic reaction can be 


regulated to provide exceptional control 


over arc direction and weld shape. 


Power 
MULTIPLE POWER CONNECTION Source 
TANDEM POSITION S prose 

2 prose 


Power 
Source 


PARALLEL CONNECTION 
TRANSVERSE POSITION 


SERIES CONNECTION 
TRANSVERSE POSITION 


Extra High-Speed Welds are made 
with multiple power connection and 
the electrodes in the tandem posi- 
tion. Speed is three to four times 
that of single electrode welding. This 
is particularly suited for welding 
long continuous seams, well-pre- 
pared and well-fitted, as in pipe, 
tanks, pressure vessels, and struc- 
tural assemblies. 


Complete UxionMeLt machines are available for 
multiple electrode welding and all UNtioynme.t 
apparatus is designed for easy installation in any 


plant or factory. Linpe’s engineers will be glad to 


Extra Wide, High-Speed Welds 
are made with parallel power con- 
nection and the electrodes in the 
transverse position. Speed is twice 
as fast as for single electrode work. 
This is particularly useful for weld- 
ing seams with gaps or other irregu- 
larities, as in center sills, ship plate. 
and heavy, hard-to-fit work. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [I] New York 17, N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


Extra Shallow, Wide Welds are 
made with the series power connec- 
tion and the electrodes in the trans- 
verse position. Speeds are many 
times faster than single electrode 
work and the dilution of the deposit 
is far lower than can be produc ed 
with a single electrode. This process 
will open new possibilities for sur- 
all kinds of 


articles by automatic welding. 


facing and claddit 


determine how Unioxnmert Multiple Electrode 
Welding can best benefit you. Call your nearest 
Linpe office for more details on \tonmeLT Mul- 
tiple Electrode Welding. 


The terms “Linde” and ‘“Unionmelt” are registered trade-marks of Union Carbide and Carbon Corporation. 
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How 


Helped the Freighters 
Beat the Ice Jam 


It happened at the peak of the season — workers 
were loading coal 24 hours a day so the freighters 
could get away before the Great Lakes became 
jammed with ice. 


Suddenly a jolt and the winch drum of a coal 
loader fractured its cast iron bearing support. 


Time couldn't be spared to dismantle the hoist 
for repairs — too many 70-ton coal cars were wait- 


ing to be emptied. 


So a mechanic tried temporary repairs by cut- 
ting and welding a channel of one-inch boiler 
plate and setting it into the hollow under the 1” 
erack as brace. Then he welded a turnbuckle on 
to hold the casting together. It held but the cast- 
ing moved and vibrated as the hoist was operated, 


This couldn't go on so they called a master 
welder in on the job. 


He examined it and felt that a permanent re- 
pair could be made with Ni-Roed “55°® — the 
electrode especially developed for making strong 
welds in cast iron, or for joining cast iron to steel. 


Cutting one-inch steel boiler plate to fit, he 
welded it to the sides of the casting with 5/32” 


A fracture in this cast iron bearing support 
could have held up coal loading for days at the 
P. & E. Coal Dock Co. in Erie, Pa. And at the 
rush season just before the ice jams, too! But 
work was resumed after only 20 hours downtime 


— thanks to Ni-Red “55.” 


and 3/16” diameter Ni-Rod “55.” Then he cut 
and welded another piece of the one-inch steel 
boiler plate over the top of the casting — covering 
the fracture. Now the casting was supported in- 
side and out by saddle-shaped splints of boiler 
plate. All in all the job required only 20 hours 
and 35 pounds of Ni-Rod “55.” And it saved 
several days of downtime. 


The loader was back on the job loading the 
freighters at a rate of 1,500 tons per hour on a 
round-the-clock schedule to beat the ice jams. 


You'll find Ni-Rod “55” will give you sound 
machinable, crack-free, non-porous welds in cast 
iron, Ductile iron, Ni-Resist®, special alloy irons 
and when welding cast iron to steel. Usually 
Ni-Rod “55” ean be used without pre-heating or 
post-heating. And it provides stable-arcing with 
a minimum of spatter to give a smooth bead 
contour. 


Consult your distributor of Ni-Rod “55” elee- 
trodes for the latest information on availabilities. 
Remember, too — it always helps to anticipate 
your requirements well in advance. And if you 
have a special cast iron welding problem, it will 
pay you to call on him for help. 


Discuss vour welding problems with Inco’s welding engineers at the National 
Metal Exposition, October 19-23. (Booth 332, Public Auditorium, Cleveland, Ohio) 
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Nevelopment of Welded Bridge Construction 


® The story of the welding of bridges shows a definite and interest- 
ing development. This may be traced historically, through re- 
search and specifications and through the resultant development 
of welding practice, to the modern types of welded bridges 


by Nathan W. Morgan 


HISTORICAL DEVELOPMENT OF THE 
WELDING OF BRIDGES 


LieeCTRIC are welding had its beginning around 
IS90 Logically, the new process for the joining of 
metals found its earliest uses in maintenance and 
repair work. It early became the means for saving 

broken and worn parts in implements, machines and 
structures. As the blacksmiths retired, the small 
welding shops found a rush of business. Early welding 
experience was introduced to some of the difficulties 
when it stepped too fast into such fields as automobile 
springs and high-carbon steel products 

Structural welding appeared in the early part of the 
1920 decade. Figure 1 shows the Boston and Main 
RR bridge at Chicopee Falls, Mass., built in 1927 and 
usually eredited with being the first welded bridge in 
this country. This 135-ft skew truss span still carries 
a spur track from the plant of the Westinghouse Electric 
and Manufacturing Co. From this time onward many 
welded bridges began to appear in this country, in 
Kurope and in the Australia region. In 1928 a welded 
railroad girder bridge of 53-ft span was constructed in 
Pittsburgh, Pa Kach flange consists of three plates 
varving in both width and length. In 1929 the first 
are-welded highway bridge in Europe was built in Po- 
land. ‘This was a pony truss of 88!'/.-ft span \ deck 
truss span of 122 ft was built in Switzerland in 1930 
and a 161-ft through-triuss span in Czechoslovakia in 
1931 In 1933 a welded girder highway bridge 1040 ft 
long was built at Dresden, Germany The girders var- 


Nathan W. Morgan is Principal Highway Bridge Engineer, Bureau of P 


Roads, Washington, D. 


Scheduled for presentation at the AWS National Fall Meeting at Cle 
Ohio, Oct. 22, 1953 
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hig. | Welded railroad bridge, Chicopee Falls, Mass. 


ied in length from 72 to 86 ft, were SO in, deep and had 
single flange plates varying in thickness up to 14/6 in 
In this vear a four-span continuous welded deck truss 
highway bridge was built in Australia. In 1934, two 
150-ft through-truss spans were constructed at Massena, 
N. ¥. A Ramsay Moon in The Structural Engineer, 
November 1934, describes welded construction in 
Kurope at that time, consisting of over 100° railroad 
bridges and 30 highway bridges. 

Figures 2 and 3 show parts of a 400-ft welded high- 
way bridge built at Burlington, N. J., in 1935. The 
bridge consists of two 112-ft pony-truss spans and one 
160-ff pony-swing span. The swing span carries a 


conerete counterweight on one lower chord to counter- 
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hig. 2 Welded highway bridge, Burlington, N. J. 


hig. 3) Welded highway bridge, Burlington, N. J. 


balance the sidewalk on the far truss. At this time the 
Florida Kast Coast Railway built a 60-ft welded girder 
bascule bridge at Jupiter, Fla 

The latter balf of the 1930 decade and throughout 
the 1940 decade the welding of bridges progressed and 
developed scientifically with pronounced acceleration, 
Welded highway bridges began to be built in New South 
Wales, Australia, in 1935, and since that time many 
bridges have been welded. The welded girder bridge 
opens the door to many possibilities not practicable in 
riveted work such as structures with curved outlines as 
used in rigid frames and varving depth girders, and at 
the same time leads to a conservation of materials and 
an over-all reduction in cost. A welded girder was re- 
cently fabricated in Sydney, Australia, 150 ft long, 18'/. 
ft deep at the center, with 27- x 3°/.-in. top flange and 
27- x 3" -in. lower flange, 7/,-in. web plate and 24- x 
7'/s-in. T stiffeners. The girder weighs 150 tons. Nu- 
merous welded bridges have been constructed by the 
Province of Quebee, Canada, including continuous gir- 
ders with spans up to ISO ft. The state of Connecti- 
eut built some 25 welded girder and rigid frame bridges. 
In 1944, two 438-ft railroad-truss spans were construc- 
ted in New South Wales over the Hawkesbury River. 
The members are all-welded, but the field connections 
are riveted. The longest welded bridge span yet built 
is the 676-ft plate girder bridge over the Rhine River 
at Dusseldorf, Germany. 

The Bayshore Freeway viaduct in San Francisco 
which is now under construction is one of the largest 
welded structures in the world. — [It involves some 26,000 
tons of steel with 2'/. million linear feet of welding. 


Morgan 


Welded Bridges 


The welded girders are supported on steel bents with 
one or more legs. The single-leg bents may be either 
T or inverted Lin shape. It is reported that consider- 
able saving was affected by welding as compared with 
either concrete or riveted steel. Most of the spans are 
short, about 60 ft, but spans to 117 ft are used. Flange 
plates up to 22 x 2'/s in. are used and composite design 
is used for the main spans. The steel for this project 
was determined after considerable study and collabora- 
tion with the steel manufacturers, the Bureau of Pub- 


lic Roads and others. 


DEVELOPMENT THROUGH RESEARCH 
AND SPECIFICATIONS 


The development of structural welding design and 
construction has arisen out of an intensive program of 
welding research in all fields, such as metallurgy, filler 
metal, design, welding technique and welding equip- 
ment. Welding specifications have followed the results 
determined through such research programs. 

Are welding specifications were published as early as 
1929 by the AMERICAN WELDING Socretry and by Con- 
sulting Engineers. These formed an excellent basis for 
early welding practice. However, bare wire welding 
Was proving to be none too satisfactory and intensive 
research Was in progress in the development of improved 
types of filler metal. Covered electrodes, which came 
into use in the 1930 decade, have been one of the most 
important steps forward in the development of welding 
science. Concurrently welding machines and equip- 
ment have been subject to constant improvement. A 
parallel development which may be more readily appre- 
ciated is seen in our modern automobiles and airplanes, 
as compared with those of the 1920 and 1930 decades. 
The completion of the American WeLbpING Socrery 
standard symbols and definitions played an important 
part in the progress of welding. 

In the fields of design, metallurgy and welding tech- 
nique, structural welding has made rapid strides 
Basic research in design, metallurgy, welding processes 
and technique has been carried on by ‘be Welding 
Research Council since its incepties ™ 1935. The 
work of the various committees wot their research 
programs has formed the actual basis «1 hich struc- 
No 
credit is due many public and private » 
Machine welding has been one 


tural welding has progressed. wnount of 

too hu- 
merous to discuss here. 
of the stepping stones toward modern welding effi- 
ciency. 

Studies in weldability have been of prime importance 
in the development of welding. It is here that we dlis- 
cover the fundamental principles involved and the 
causes and methods of overcoming many phases of 
welding difficulties. Structural welding would be im- 
practicable without this knowledge of the weldability 
of steels of varying chemical characteristics. The weld- 
ing of dynamically loaded structures without a thor- 
oughly weldable base metal could result in failures that 


THe WELDING JouRNAL 


= 
~ 
: 


would retard progress in welded construction. In tact 
it is the opinion of some that the development of struc- 
tural welding in this country has been delayed many 
vears because of the lack of a suitable structural steel 
for welding. 

This discussion would be incomplete without a men- 
tion at this place of the slow and painful development of 
the proper base metal for welded bridges. The proposed 
specification for base metal for the next edition of the 
AWS Bridge Specifications represents the current. re- 
sult of several years of effort in this direction and is 
perhaps the best compromise possible at this time for a 
weldable AZ type of structural steel with restricted 
earbon content. When this specification is coupled 
with careful workmanship, it is believed that satis- 
factory welding will be the result. 


DEVELOPMENT OF WELDED BRIDGE 
PRACTICE 


Welded bridge construction has seen an interesting 
evolution of practice. In the early part of the 1930 
decade the tendency was to follow the beaten path of 
riveted construction, the thought being that welding 
Was simply replacing riveting. Before any great prog- 
ress in design was accomplished, it was realized that 
welding design was a new thing and that structural 
engineers needed to forget much of the principles of 
riveting design and seek to develop a new principle and 
that was to mold steel plates and shapes in as simple 
and efficient manner as possible along the lines of stress 
travel and to use as little welding as possible to develop 
the members and loads to be carried. Curved parts 
were to be not only more permissible but were desirable 
and sharp corners and breaks in stress path were to be 
eliminated. 

Karly welded bridges were frequently of the truss 
tvpe because trusses were in vogue in that period 
Also for shorter spans, the construction consisted) of 
rolled beams reinforced with welded cover plates of 
varving width and thicknesses to facilitate down-hand 
fillet welding. This gave rise to the practice of using 
wider plates below, for both flanges, for cases where the 
welding was done in the field. In the 1940 decade 
truss bridges began to give way to the plate girder type 
as a first choice in design, particularly in the shorter 
span range, largely to fulfill the principles of esthetics 
and because of greater ease in the future widening of 
deck girder spans, so in this period we find the welded 
girder bridge coming into the foreground in’ welded 
bridge practice. While welded girders have hot ap 
proached riveted girders for length of span, in this 
country, the welded girder has advanced to a place of 
competitive importance in highway bridge construction 

The elimination of one other factor in the historical 
development of the modern welded girder should be 
mentioned and that was the early partiality for fillet 
welds and the distrust of butt welds Jare wire weld 
ing lacked ductility and there was reason for questioning 


the advisability of using butt welds for principal ten- 
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Slon splices After the advent of the covered electrode 
with its superior ductility in the weld metal and after 
fatigue tests proved the superior efficiency of butt welds 
as compared with fillet welds, we find butt welds used 
freely to carry principal tensile stresses 

The rolled structural beam is the most efficient struc- 
tural steel section vet devised for the carrying of loads 
asabeam. The utility of this type of bridge is limited 
only by the size and weight of beams that can be pro- 
duced in the steel mills and handled efficiently. The 
next step for bridge spans bevond this limit was the de- 
velopment of the riveted plate girder bridge. This 
consists essentially of five parts, two angles for each 
flange and the web plate. Carrying capacity is in- 
creased by the addition of one or more cover plates riv- 
eted to each flange. Cover plates over | in. thick have 
seldom been used because of the difficulty in stress dis- 
tribution and the cost of fabrication Stiffeners for 
riveted girders are inefficient because of waste of metal 
in the legs of angles or other shapes against the web 
plate for riveting because of the use of filler plates 
and grinding and crimping for fabrication.  Riveted 
girders are wasteful of metal also because of the punch- 
ing of rivet holes in tension flanges and the use of fillers 
and superfluous parts. The curving of flange angles 
in riveted work is a costly operation, 

The modern welded girder exceeds the rolled beam 
in efficiency, considering the distribution of metal for 
the carrving of loads, but the cost is greater on account 
of welding and the necessity for stiffeners for the thin- 
ner web of the welded girdet Phe sume efficient dis- 
tribution of metal is maintained for long-span welded 
girders. Holes in tension flanges are eliminated. The 
principal parts are reduced from four angles, cover 
plates and a web plate to just two flange plates and a 
web plate Crimped stiffener angles are replaced with 
a single bar o1 plate, or a tee section tor heavy work 
with the flange turned outward, making for greater 
offic 1eENnCY than with the flange against the web plate 
Mach flange consists of a single plate inereasing in 
thickness toward the center of girder, the ends of each 
plate being butt weided to the next flange plate. © Each 
flange is welded into a continuous unit, likewise the web 
plates, before the three continuous units are assembled 
into girder shape for fillet) welding Splice or strap 
plates are not used to reinforce butt welds because tests 
made at the University of Hlinois indicate that the 
simple butt splice is stronger in fatigue because of the 
weakening effect of the fillet welds on the splice plates 

The welded girder eliminates many of the ineffi- 
qiencies of the riveted girder, but at the same time 
introduces some new problems. Attention is called 
to the results in the fatigue testing of rolled beams with 
partial length cover plates and cover plates with inter- 
mittent fillet welds. Both of these types of construc- 
tion have been shown to be inefficient by the tests 
made at the University of Hlinois for the Welding 


Research Council. Where dynamic loadings are in- 
volved, both of these types should be avoided in. so 
far as practicable. These tests indicate that for full 
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length cover plates intermittent fillet welding is about 
equivalent to riveting 


However, for partial length 
cover plates the tests indicate that riveting is better 
than continuous fillet welding and that continuous weld- 
ing is better than intermittent. Apparently the reason 
for the low efficiency of intermittent fillet welding when 
applied to partial length cover plates is that the inter- 
mittent welding results in severe stress raisers. The 
results of these tests are, in general, applicable to the 
deeper welded girders where cover plates are used. 
Welded girders also are confronted with the question 
of safety of the main strength welds and of preheating 
and welding technique, which are not involved in 
riveted construction 


REVIEW OF A RECENT TYPICAL WELDED 
BRIDGE PROJECT 


The past few years have seen the construction in 
this country of many excellent welded highway bridges. 
These projects differ in various respects and each 
A typical project 
has been chosen for the purpose of illustrating this mod- 


involves certain items of interest. 


ern type of welded highway bridge. Discussion will 


be confined principally to the welded girders, 


In 1951 a welded highway girder bridge was construc- 
ted over the Wind River at Shoshoni, Wyo. ‘The bridge 
consists of three 100-ft welded girder spans, each span 
containing four composite-type girders with the con- 
crete floor slab anchored to the upper flanges by means 
of angle shear developers. The structure carries a 30-ft 
concrete roadway with steel handrails and is designed 
to carry the H20-44 loading on two lanes. The girders 
rest upon reinforced concrete abutments and _ piers. 
The abutments rest upon timber piles and the piers 
are founded on the underlying sandstone. The proj- . 
ect was jointly financed by the State of Wyoming, the 
Bureau of Public Roads and the Bureau of Reclamation 
which constructed a dam a short way below the bridge 
site. The contract specifications were the American 
Association of State Highway Officials Standard Speci- 
fications for Highway Bridges 1944 for design and the 
Wyoming Highway Department Standard Specifica- 
tions 1948 for construction. The AMerican WELDING 
Society bridge specifications were used for welding 
design and construction. 

The welded girders shown in Fig. 4 are 101 ft, 
1 in. long or 100 ft center to center of bearings. They 
consist of a 48- x */,-in. web plate, 16- x 1'/.-in. upper 
flange and the lower flange plate varying as follows from 
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end to center of girder: 16x lin. x 10 ft, I8x2in. x 15 
ft, 6 in. and 18 x 2 in. to center line of girder. End 


stiffeners over shoes are two plates 7'/. x */sin. Inter- 
mediate stiffeners are two bars 5 x °/jg in. The upper 
flange carries 3.x 2.x '/, in. x I-ft, 4-in. angles spaced 


about 2-ft centers and welded to girder with 3-in. leg 
vertical and 2-in. leg turned up for anchorage into the 
S-in. conerete deck slab The web splices consists of 
square butt welds submerged melt process and flange 
splices consist of 60-deg double-vee butt welds made 
with extension bars Fillet welds between web and 
flanges are continuous -in. submerged melt fillet 
welds. The plans called for simultaneous submerged 
melt welding on opposite sides of the web but later 
changed to welding on one side at atime. Fillet welds on 
end stiffeners are » in. all around and on intermediate 
stiffeners '/, in. intermittent in. at 5-in. centers and 
welded to upper flange but not to the lower tension 
flange. Intermediate cross-frames are spaced 20-ft 
centers with field connections bolted. The bridge shoes 
are welded from structural plates. The girders were 
given a camber of 3'/.in. at the time of fabrication by 


cutting the web plates on a bevel at the splices. The 
length of the upper edge of the end web plates was !'/y¢ 
in. greater than the lower edge. Fabrication was done 


by the American Bridge Co. at the Gary, Ind., plant 
The flange plates were of silicon-killed structural 
steel and the other parts of structural carbon steel 
Structural steel conformed to the requirements of the 
AMERICAN WELDING Society. Material over in 
in thickness was checked to ascertain whether or not 
the carbon content plus one-sixth of the manganese 
content exceeded 0.4067. The specifications require 


that when this percentage is exceeded the specified 


workmanship clauses be applied, involving preheating. 
\ typical mill test report from the South Works of the 
United States Steel Co. shows the following ladle an- 
alvsis: for plate, 0.25°7 carbon, 047°) man- 
ganese; for 1'/.-in. plate, 0.27, carbon, 0.54) man- 
ganese and for 2-in. plate, 0.247, carbon, 0.46, man- 
ganese and 0.21° silicon, Samples were taken from 
24 plates for a check analysis. Each sample consisted 
of drillings from ten in. diameter holes drilled in close 
proximity to each other to a depth of in., the first 

,in. of each hole being discarded because of the pres 
ence of mill seale and foreign matter. Typical check 
analyses are as follows: for 1'/.- and 2-in. flange 
plates, 0.2907) carbon, manganese, 0.21, sili- 
con, 0.017 phosphorus and 0.044, sulfur 

\ total of 115, 270 Ib of structural steel was used on 
each span or a total for the bridge of 173 tons. The 
bid price for the completed stee] girders Ith place Wits 
15'/s cents per pound, which represented about the av- 
erage price for riveted or welded bridges at that time 
for similar circumstances 

The development of the science of the welding of 
bridges is seen to be of value in pointing the way to 
future development in this type of construction. There 
are numerous features in connection with bridge weld- 
ing, Where more information is needed. Much research 
has been done in the past enabling us to make great 
progress in the field of welded construction. However, 
it cannot be too strongly emphasized that such inves- 
tigations must be continued, perhaps on an even greater 
scale than in the past, if we are to meet the goals of 
economy and safety which will insure the greater utill- 
zation of that most helpful construction tool ‘‘weld- 
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vy W.S. Atkins and E. M. Lewis 


INTRODUCTION 


N THE authors’ opinion the trends of structural 

development various European countries since 

World War Il have been broadly similar. It is 

natural, therefore, that he should use, in the first 
instance, British examples to illustrate the main themes 
of the paper and, in particular, examples from his own 
practice other structures in various parts of Europe 
being described in less detail to indicate the broad 
similarities 

In adopting this approach one should perhaps first 
indicate sach significant differences as exist between 
postwar construction Britain and in the rest. of 
Kurope. During the war it has been authoritatively 
stated that Britain devoted a greater proportion of her 
industrial potential to war than any other belligerent 
country. Her plant, converted for war production, was 
driven relentlessly and there was virtually no new 
building and no replacement. On the other hand, she 
was not overrun and therefore suffered no direct de- 
vastation except by air attack. 

In Britain, at the end of the war, the problem was to 
reorganize industries for peace production and at the 
same time make up vast arrears of building and equip- 
ment. Basie materials were scarce, labor was dispersed 
and scarce and, not surprisingly, after six vears of in- 
tensive effort there were many symptoms of war weari- 
ness. However, on the credit side there had been 
tremendous technical developments during the war and 
as demobilization took place large numbers returned to 
peace time work untrammeled by traditional ideas and 
keen to apply new techniques and new approaches to 
old problems on the largest scale in industry. ‘The same 
attitude applied to the planning, organization and pro- 
gressing of large and ambitious industrial projects. 


W. S. Atkins is senior partner with W. 8S. Atkins & Partners, Consulting 
Engineers, Westminster, England 

Paper presented at the National Spring Meeting, AWS, Houston, Tex., June 
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® 1 survey of welded structures in Great 
Britain and other European countries 
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Many of these enterprises were greatly helped by gen- 
erous aid from the United States and there was a deter- 
mination to get the maximum benefit from this assist- 
ance. ‘To illustrate this resolve and the accompanying 
sense of urgency, we might here quote one fact relating 
to the large steel plant which will be deseribed in some 
detail later. Out of the total cost of 170 million dollars, 
27 million dollars were taken up by the civil engineering 
work. Virtually the whole of the rolling plant was 
purchased in the United States and within three months 
of receipt of the last plant information the foundation 
work was finished and the steel superstructure rapidly 
followed indeed some plants came into production be- 
fore delivery of the mill machinery had been completed. 

The broad trends may be summarized as a striving 
for economy of basic materials, particularly of steel, 
while at the same time meeting demands for ever greater 
facilities and amenities the demand for greater clear 
spans, for a trouble-free structure, for better natural 
lighting, for a pleasing appearance and so on. These 
have led to the increasing use of welding and its 
associated fabricating processes, the adoption of which 
in turn enables the designer to push forward the evolu- 
tion of his structure. 


THE ABBEY STEEL MILL—FOR THE STEEL 
COMPANY OF WALES LTD. 


This project involved the construction of a steel mill 
for the production of slab plates and strips at an annual 
rate of a million and a quarter tons on a narrow marshy 
coastal plain bounded along one side by the sand dunes 
and on the other side by the Welsh foothills. A plan of 
the scheme is given in Fig. 1. The seale of the buildings 
involved ean be judged by the fact that the main con- 
tinuous mill building is just three-quarters of a mile long 
and that together with the Melting Shop and Cold Re- 
duction Mills the buildings roughly fill a rectangular 
area approximately a mile long by a third of a mile 
wide there are no blast furnaces or coking plant, the 
hot iron being supplied by a reconstruction of the old 
Margam Works some two miles north. 

In planning the structure the engineers were guided 
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by experience in new steel mills in the United States and 


also, to some extent, by experience in older mills in 
Germany. So far as the material of construction was 
concerned, all the factors pomted toward the selection 
of structural steel for the buildings. The form of the 
buildings Was hot, however, clear, and it was after much 
deliberation that the high-low form of construction was 


The had 


hitherto n Was 


been 


the 


selected Major disadvantage which 


noted this eonstruction 


that 


form of 


uneven lighting, but it was felt this was not a 
fundamental difficulty and that it could be overcome as 


indeed it was. 


HW elding and Riveting 


With regard to the method of fabrication, the engi- 
neers had no preconceived ideas Although in the past 
virtually all heavy construction of this type had been 
riveted they were prepared to consider welding as an 
alternative. From the survey which had been carried 
out of American and German experience, it appeared to 
the engineers—as a salient faet— that rolling mill and 
melting shop structures cost their owners a great deal 
either m continual maintenance work or, if this is 
neglected, in the consequential delays due to failures 
To enlarge upon this point, it would seem reasonable to 
regard the building structure up to the level of the 


gantry cranes as al essential prece ol the production 


plant, only the structure above this level being the usual 
weatherproof lid which is all most other shed buildings 
Viewed in this light and considering the 


amount to 


various troubles reported with similar structures. of 


rails at joints, fatigue failures and working of rivets, 
partic larly where gantry girders butt on to the strue- 
ture, misalignments of the gantry track in service and 
troubles due to rapid corrosion in bad atmospheres —it 
became apparent that a stiff, continuous and, what we 
might term, “monometallic” structure, should provide 
the best technical solution | urther, such a structure 


would meet the need for saving steel. These factors 


tuken together led the engineers to select welding as the 
As de- 


work proceeded and the fundamental aim of pro- 


means of fabrication in preference to riveting 


sigh 
ducing a trouble-free building was related to pots ol 
detail design, the conviction that welding was the right 


choice Wiis strengthened tocertamey 


Unit Dimensions 


To satisfy plant requirements two unit dimensions 
were established. This led to the optimum amount of 
repetition in the building structures. These dimensions 
were 55 ft for the heaviest building, the Melting Shop, 
10 ft m the 


established the spacing longitudinally 


These dimensions 
the 
except where particular plant re- 


and mill buildings 


for main 
transverse trames 
quirements could not be satisfied with these standard 
dimensions, and these were fairly rare cases, the two 
standard dimensions mentioned above were adhered to 
rigidly Transversely, the frame spans were the mini- 
mum possible for floor space to suit the installed plant. 

Referring again to Fig. 1, since the plant comprises 
long, continuous lines, whether in furnace lines or roll- 


ing mill lines, the structures are essentially long gantries 


riveted construction -for example, rapid wear of gantry surmounted by a weatherproof roof structure. The 
on 
\ | \ 
) 
=> 
/ 
/ 
— 
ABBE w a « — pours 
= 
Fig. 1 General arrangement of Port Talbot, Margam and Abbey Works—Great Britain 
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Fig. 2) Isometric view of mold-preparation bay 


long structures are in single and multiple spans. The 
spans and the length of the building are determined 
wholly by plant and the continuity of the process. For 
instance, the “Mill Bay’ comprises an ingot stripping 
shop, soaking pits and continuous mill stands down to 
sheet finishing. This is the longest of all bays and is 
nearly three-quarters of a mile long. The principles of 
construction apply to all buildings and the high-low 
form is adopted every where. 


Framing Principles 


The Mould Preparation bay can be taken as the 
simplest example to describe the general framing prin- 
ciples which run throughout the whole of the work; 
the construction in isometric outline is shown in Fig. 2 
which, incidentally, also shows the cladding and glazing 
arrangements. This building is 880 ft long by 93 ft 
wide by 63 ft high. To obtain the desired degree of 
strength and stiffness transversely with the minimum 
weight of steel, the main portal frames are made fully 
continuous in the transverse direction and are cast mon- 
olithically into the concrete substructure. Longitudin- 


ally the rather unusual structural system was adopted 
which is illustrated by the side elevation diagrams at 
Figs. 3 (A) and (2). In order to eliminate trouble- 
some joints in the gantry track and to give steel 
economy, the gantry girder is welded up into long con- 
tinuous lengths —in this case the girder is continuous 
for the whole SS80-ft length of the building—-and the 
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longitudinal forces are transmitted down to the founda- 
tions by very rigid braced bays at mid-girder length. 
However, to avoid high stresses in the transverse frames 
situated considerable distances away from the braced 
bay due to thermal expansion, the frames are pinned at 
gantry girder level in such a manner that though their 
continuity in the transverse direction is unaffected, 
they hinge longitudinally. Thus, the columns up to 
gantry level are free to flex as cantilevers and the action 
under thermal movements can be seen exaggerated at 
Fig. 3 (B). The gantry girder is also itself supported 
on pins or rockers so that neither thermal movements 
nor flexural movements under the action of the cranes 
affect the main frames. 

Above gantry level pairs of frames are braced to form 
rigid towers which move with the girder without dis- 
tortion or stress. It will be seen from the illustration 
that this arrangement fits in ideally with the high-low 
roof form-—-purlins span across the tops of braced pairs 


(B) 
Fig. 3 (4 and B) Elevations at mean temperature and 
under expansion 
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Vain Frames 


Turning now to consider 
particular elements in var- 
ious parts of the building, 


we may first discuss the 


L main transverse 


iz which are all of the lattice 
Fig. 4 Typical main 
stanchion sections 


lrames 


type throughout, including 
column. legs below gantry 
level. A Vierendee! type ol column leg was considered 
in the design but was rejected as being more costly to 
fabricate and being less stiff, weight for weight The 
adoption of lattice framing for the horizontal or root 
portion of the main frames enabled the framework to be 
kept unobtrusive and less obstructive to light in addition 
to being the most economical form. Crane column legs 
varied in construction from plain joist sections to built- 
up box plate sections. Figure 4 shows a series of com- 
pound stanchion sections below crane girder level 


Gantry Girders 


The gantry girders were of triangular box section as 
shown in Fig 5 The major vertical loads are resisted 
in the main by the vertical side of the triangle which is 
of plate girder form. The remaining two sides are of 
lattice girder form and provide a torsionally stiff box 


which greatly enhances the stability of the girder. At 


CRANE GIRDER 
AND 
Ste Ib RAI 
| 
/ 

FLANGE 


Fig. 5 Typical cross section through mold preparation 
shop crane girder 
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the same time it provides a convenient support for the 
walkway checkered plating, which is clipped on, so that 
it does not act as a part of the girder and further in- 
crease the tilt of the girder neutral axis and hence the 
tendeney to sideways deflection under vertical load. 

It is in the Melting Shop that the heaviest steelwork 
occurs. Here between the casting and furnace bays 
the crane girders span double units, Le., 110 ft, to suit 
the furnaces. Figure 6 shows a section through a pair 
of girders, one on the west side of the casting bay and 
one on the east side of the furnace bay The former 
girders carry 300-ton ladle cranes and the furnace bay 
135-ton capacity chargers. The top flanges of the 
girders are coupled together as also are the bottom 
flanges in the way indicated in the figure, so that 
although under the action of the vertical loads the 
girders virtually act independently — the box distorting 
to a diamond shape without inducing high local stresses 

they afford mutual assistance in respect of lateral 
stiffness. The bracing between the bottom flanges also 
provides support for heavy motor-driven door winches 
for the furnaces below 

Girder flange plates in the heavy Melting Shop 
girders which are all of single plate about 36 in. wide, 
vary from 4 in. in thickness. Referring again to 
Fig. 6 it will be seen that a 19- x 2' »-in. web to flange 
transition plate, hereinafter referred to for brevity as a 
“fitch plate,” has been used at the top and bottom of 
the web to ease fabrication problems and also to relieve 


The depth 


of this flitch plate varied, being arranged to suit rolling 


local stresses under the heavy wheel loads 


widths for the remaining middle portion of the web, 
\ll the heavy Melt- 
ing Shop girders adopt the use of web fliteh plates, but 


which was kept ol constant depth 


elsewhere in the Mill and other buildings, where cranes 
are light and spans smaller (maximum crane capacity 
85 tons), 
without adopting the flitch plate detail. 


webs up to 1 in. in thickness have been used 


Depths of continuous crane girders have been de- 


signed for economic weights. ‘This implied hauching to 
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hig. 6 Typical cross section through melting shop crane 
girders 
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greater depths in many cases where one or two long 
Where 


flange plates vary in thickness or width in one run the 


spans occur among a number of shorter ones. 


heavier plates were gently tapered to the dimensions of 
the thinner or narrower plates. 


Crane Rails 


The elimination of the usual girder joint over the 
columns by the use of continuous gantry girders was 
considered to be the major step in obviating rail joint 
wear. It was thought that if the rails themselves were 
laid on the continuous top flanges and the joints 
machined square and held close butted, the usual 
“knock” would be eliminated. 

The erane rail profiles were designed inclose consulta- 
tion with The Steel Company of Wales and were rolled 
by them for the job. They are illustrated in Fig. 7. 
The bottom flange was designed for fixing to crane gir- 
ders by fillet welding, although that technique had not 
been perfe ‘ted at that stage. Positive fixing by welding 
was preferred since in the examination of wear on crane 
rails, which had been pursued before the design of 
Abbey Works, there was considerable evidence to show 


’ 
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Fig. 7 Special gantry crane rail profiles 
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that conventional rail fixings tend to “work” in service, 
the play leading to wear of crane tracks and wheels 
which gets progressively worse; further welding alone 
could ensure that rail lengths remained tightly butted 
It is no more difficult to remove a rail fixed 
by intermittent welding than one fixed by riveting o1 


in service. 


bolting. 

After much experimental work the following method 
of intermittently welding medium manganese rail steel 
to mild steel, both in big masses, was developed. For 
rails up to 144 Ib per vard weight a bead of weld metal 
Was first applied in a downhand position to the edge of 
the rail flange before assembly, this “buttering run” 
being made with a ferritie hydrogen-controlled elec- 
trode. The buttering run was then welded to the flange 
plate with a single run of a heavy-gage all-purpose type 
of electrode, taking care to start and stop this run just 
within the extremities of the buttering run and to fill up 
the crater at the end of the run with weld metal. This 
procedure proved successful for the 144-Ib gantry rails, 
welding being intermittent  6-in. weld alternating with 
12-in. gap. The technique was limited to a maximum 
size of fillet of about ®/y. in. and was not suitable for the 
175- and 375-lb gantry rails. 

For the 175-lb rails with heavier and thicker flanges 
another method was used, in which the weld metal was 
deposited in a “mold” formed by a ° ,-in. deep grooved 
carbon block resting against the edge of the rail flange. 
A completed weld and the mold are illustrated at Fig. 
8. Several passes were made until the mold was filled 
with weld metal, the operator stopping only to change 
electrodes, the slag being puddled to the surface and not 
removed between passes. Again, welding using the 
carbon block technique was intermittent with 6-in. 


welds and 12-in. gaps. 


Fig. 8 Gantry rail to flange weld 


It was found impracticable in the time available to 
develop a technique for directly welding down the 375 
lb per yard gantry rails in the Melting Shop and the 
following procedure was adopted. The rails were first 
laid in position between locating pads, which were tack 
welded to the girders and the ends of each rail secured 
by means of temporary clips. The overhead cranes 
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could then travel along the rails and a certain amount ot 
bedding down took place. For permanently securing 
the rails °/s-in. thick mild steel pads were first welded to 
the gantry girder flange on both sides of the rail by 
means of a '/2-in. fillet weld. To hold the rails down as 
tightly as possible prior to welding, one wheel of the 
overhead crane was brought over the welding position 
and the crane traveled forward as welding proceeded 
For welding the rail to the pads a ® y-in. multirun fillet 
Was used. 

The welds cause the crane rail, which has in many 
cases a sectional area of the same order as the flange 
plate, to act as an integral part of the girder. Thus 
they are subject to shearing loads similar to those be- 
tween web and flanges. A few welds are, however, 
subjected to a much more severe loading condition. As 
has already been mentioned the crane rails are not con- 
tinuous as are the gantry girders (except in one case), so 
that a pair of welds next to the rail joint has to transfer 
nearly the whole of the end-long force in the rail 
into the flange. To minimize stresses on these 
welds rail joints were positioned at points of mmimum 
bending, that is where the force in the rail is at the 
minimum, and these “anchor” welds were also made one 
and a half times as long as the others. An interesting 
fatigue problem appeared in connection with these 
anchor welds, but this will be deseribed in another part 


of the paper. 


VARIOUS TECHNICAL DIFFICULTIES 


From the foregomg description it will be appreciated 
that the design was in many respects novel and certain 
engineering steps were indeed without precedent 
While the theoretical background existed for many of 
the steps there were inevitably gaps in knowledge be- 
tween the theoretical approach which could not, by 
definition, be bridged by practical experience. Indeed it 
was in bridging these technical gaps that the determina- 


tion of the engineers to press forward with new ideas 


Was put to the test and the author believes that some of 


the methods of tackling the problems and the solutions 


achieved may be of interest to his readers 


Experimental Stress Analysis 


The first great difficulty arose in the need to strength 
analyze in a short space of time, a number of highly re 
dundant main frameworks and of continuous gantry 
girders over varying spans. At first sight the amount of 
analysis which had to be done seemed exceedingly 
formidable. The design of continuous frameworks is 
essentially a process of trial and error. Thus a design 
may have to be reanalyzed two or even more times 
Even the Hardy Cross method of moment distribution 
would not meet our requirements. We therefore ex 
amined the possibility of an experimental method and 
decided that development of the indirect model method 
first devised by Professor Beggs in the U.S. A. would 
meet our requirements. Already in Britain this tech- 
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nique had been advanced by Professor Pippard who, in 
1937, pointed out that it was not necessary to use the 
very small displacements which had hitherto been the 
practice—the displacements could be exaggerated as 
many as a hundred times using plastic models without 
loss of accuracy if certain precautions were taken. 
However, until then no extensive commercial applica- 
tion had been made of what was now called the “large 
displacement indirect model method” in design offices 
in Kurope 

The engineers first tackled the problem of designing 
apparatus suitable for design office work where a large 
number of different models had to be analyzed in rapid 
succession, and in so doing they were able to enlarge the 
scope and power of the technique in a number of re- 
spects. The accuracy of the method as applied to 
frameworks having very much stiffer lower portions 
than upper parts was greatly enhanced by the intro- 
duction of devices enabling influence lines of bending 
moment, shear and so on to be obtained for intermediate 
points in the structure as well as at stanchion feet; cer- 
tain serious errors inherent in the use of large displace- 
ments as applied to continuous girders were tracked 
down and eliminated by a system of articulated links; 
finally the scope of the method was extended by enab- 
ling the models to be used not only for the production of 
influence lines by the indirect method but for stiffness 
determination by directly pulling the model and 
measuring the forces by devices which compensated lor 
the creep in the plastic. Results of such stiffness 
observations were not only used as rapid means of de- 
signing elements whose stiffness rather than whose 
strength was the governing factor, but also used in 
combination with the indirect analysis enabled stresses 
due to thermal and foundation movements, as distinct 
from those induced by applied loads, to be readily deter- 
mined. In practice the use of these models reduced the 
period of analysis by a factor of three or four while pro- 
viding ample accuracy for engineering purposes 

It might here be recorded that as construction pro- 
ceeded a full-scale experimental stress analysis was 
carried out by loading a pair of frames and observing 
the strains at numerous points by electrical strain gages 
Figure 9 illustrates this work. The experimental 
observations under full-scale site conditions gave the 
engineers a high degree of confidence in their methods of 


design office analysis 


Corrosion Protection 


Turning now from the drawing office to a problem 
which is rather more one of site organization, we come 
to the anticorrosion protection of the structure. By 
the use of welding, very much cleaner lines were 
obtained and many incipient corrosion pockets were 
eliminated, However, it was felt that this in itself 
would not provide the freedom from maintenance 
worries Which was aimed at Pechnically it was clearly 
established that the right economic answer to the 


COrTOSION problem under the severely corrosive con- 
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ditions which were present on this particular job was 
to grithlast the steei and then spray with aluminium. 
The problem of organizing this work simultaneously 
and in phase with fabrication and erection was one 
which had, however, not been tackled previously on a 
seale approaching this. It was felt that the steel above 
gantry girder level which could only be maintained with 
great difficulty and expense once the plant was in opera- 
tion, must be gritblasted and metal sprayed; and this 
steel fell into two parts of roughly equal weight —the 
purlins and the frames themselves. 

The metal spraying capacity did not at that time 
exist in Britain to maintain the rate of output necessary 
to keep up with the fabrication and erection program. 
It seemed logical, therefore, to seek some method of 
making the process automatic to increase the capacity. 
The purlins which were of plain joist section seemed 
ideal and the first fully automatic metal spraying plant 
in Europe was designed and erected for this particular 
job. Figure 10 shows the purlins on the continuous 
process entering the gritblasting machme and Fig. 11 
shows the automatic multigun spraving head with the 
joist traveling through 

The frames themselves did not lend themselves to 
automatic treatment but by energetic organization on 
the part of the steelwork contractor and the metal 
spraying contractor the units were gritblasted, man- 
ually spraved and delivered to the site on time. Here 
it should be mentioned that the fully continuous frames 
were touched up manually at the points of site welding. 


Site Fabrication 


Now we may turn to another organization problem. 
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Fig. 10°) Set-up for fully automatic metal spray—Creat 
Britain 


The main fabricators’ works were some three hundred 
miles from the site, and transport facilities were in- 
adequate to deal with the 110-ft span gantry girder 
elements for the Melting Shop. It was decided to 
overcome this difficulty by using the Mould Prepara- 
tion building—the comparatively small building illus- 
trated in Fig. 2—as a structural steel fabricating shop. 
A cadre of experienced welders and other tradesmen 
were introduced from the contractors’ main works and 
the remainder of the labor was recruited locally. Weld- 
ing courses and training in other branches of steelwork 
fabrication were given and in the space of a few months 
the main contractor was able to build up from local re- 
sources an efficient structural fabricating shop. Figures 
12 and 13 show the large manipulators for the fabrica- 
tion of these particular elements and a girder being 
moved from this temporary fabrication shop to its final 
position in the mill buildings some hundreds of yards 
away. 

Now we may turn to one or two technical bridges 
which had to be crossed in the welding sphere. 


Fig. 11) Close-up of aluminium spray guns for corrosion 
protection 
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Fig. 12) Manipulator elements for 110 ft. span girder 


Fatigue Test 


An interesting fatigue problem arose in conjunction 
with the anchor welds which have already been de- 
scribed. The reader will recollect: that these welds 
would have to transfer virtually the whole of the end- 
long load induced in the rail by virtue of its rigid attach- 
ment to the top flange into and out of the girder at the 
rail jomt. This fluctuating stress was reckoned to 
occur several hundred thousand times in the working 
life of the rail 
up of direct compressive and tensile stresses at the end 


Further, it Was apparent that the build- 


of the at the point of stress concentration would 
make matters worse. It will be seen that the stress 
concentration aspect is closely analogous to the classic 
rib-to-plate problem investigated in the United States 
by Professor Hovgaard and in Europe by others, but 
in this case the problem was further complicated by the 
fatigue nature of the loading and by the unknown effect 
of varying weld configurations at the pomt of stress 
concentration 

To illuminate this problem the engineers had built 
up a full-scale fatigue test specimen comprising in effect 
a stubby I section of two heavy flange plates with the 
rail block welded in between to act as a web. The 
welds were subjected to an alternating or shear load by 
flexing the I beam rapidly, using a resonance method 
developed for such fatigue tests in Great Britain by the 
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hig. 14° Fatigue test of gantry rail weld showing crack 


British Welding Research Assn 
cracks developed 48 expec ted at the ends of the welds 


Eventually fatigue 
and these can be seen in Fig. 14 gut both the number 
of eveles to failure and the stress range employed in the 
test showed the detail to have an adequate margin of 


safety against failure in service 


Ultrasonic Weld Testing 


Now we may turn from small welds to some very 
large ones. It will be remembered that the gantry 
girders were welded on the site into long contmuous 
lengths of up to nearly 900 ft in the Mould Preparation 
shop already quoted. For ease of erection these site 
welded joints were positioned at the columns, the posi- 
tion of maximum stress fluctuation cases. 
Some of the flange plates to be joined were as much as 
bin. thick by 36 in. wide and full-strength butt welds in 
such plates subject to loadings bordering on the fatigue 
range were at that time without precedent. After 
careful deliberation the engineers decided to go ahead 
with the proviso that they would carry out a LOO°?, non- 
destructive examination of these welds, which, it must 
be borne in mind, were being made some 70 or 8O ft up 
in the air on a site which was notoriously wet and windy. 
\t that time there appeared to be two alternative 
methods available. Either a million volt’ X-ray set 
could be used and & Spec inl gantry structure evolved lo 
move it round the site, ot vamma raves could be used 
from a radon source, a landing strip being made on the 
job so that the radon with its half life of only three days 
could be flown in from London, then the only source of 
supply. However, the engineers were enamored. of 
neither method, first because with the very heavy plates 
they would have little certainty of detecting fine cracks 
in the first few runs of the multirun welds, and from the 
economic aspect the inspection Was expected to prove 
inherently costly mainly on account of the delays which 
might be expected in the erection program due to the 
lag between completing the weld and the decision as to 
whether the joint would be satisfactory or otherwise. 
The engineers therefore sought around for another 


method 
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An instrument which immediately appealed was the 
ultrasonic pulse echo flaw detector then available in 
Great Britain based on principles first used by Dr. Fire- 
stone in the United States. Here was a device with a 
beam which would deeply penetrate any thickness of 
steel without physiological hazards, a light cheap port- 
able device which could work in inaccessible places and 
follow immediately behind the welders, and a method of 
inspection which would decide the fate of a weld within 
an hour or two of completion and in a way which would 
not form the subject of debate between the contractors 
and engineers as radiographs so often tend todo. Un- 
fortunately at the time no one either in Britain or 
America appeared to have done more than a few pre- 
liminary laboratory experiments for this application. 
The engineers therefore decided to establish an ultrasonic 
laboratory on the site for the specific purpose of evolving 
an inspection technique suitable for this particular job. 
Preliminary experiments, occupying only a few weeks, 
convinced the engineers that they were on the right 
track but that the apparatus which was then com- 
mercially available, and which had never been 
specifically designed for weld testing, was far from ideal. 
They therefore added an electronie laboratory and pro- 
ceeded to design apparatus especially suitable for the 
particular work. Six months after the establishment 
of the laboratory a satisfactory technique was evolved 
which was amply cross checked and calibrated by com- 
parison with radiographs and destructive tests. Thus 
in time for the site welding, the engineers had available 
an entirely satisfactory inspection technique which was 
used throughout the remainder of the job. Though 
intended originally as an inspection device only, ultra- 
sonic weld examination was found to provide an in- 
valuable control of craftsmanship and very soon the 
standard of welding rose to a level considerably above 
that normally obtained in’ commercial — structural 
welding. 


Numerous points in connection with welding tech- 
nique from the point of view of overcoming distortion, 
the welding of very heavy plates without preheating 
and so on had to be met and overcome. We will 
deseribe one problem in particular as illustrating this 
group of “knowledge gaps” and the way in which they 
were bridged. 


Hydrogen Cracking 


The carbon block technique for welding down the 
crane rails has already been described in some detail. 
Preliminary laboratory work hardness tests, micro- 
examination and so on had revealed no fundamental 
shags. However, after several thousand welds had 
been satisfactorily completed on the job--many_ of 
them being on girders the cranes of which had already 
been pressed into service to help ereetion—-there came a 
sudden spate of transverse cracking in the welds. As 
far as could be seen nothing in the welding technique 
had been altered and the cause of many failures, some 
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of which threatened to spread into the flange plates, 
was obscure. 

From the outset, hydrogen embrittlement was sus- 
pected as a likely cause but where did the hydrogen 
come from? It might have come from water picked up 
by the carbon block, it might have come from water 
trapped beneath the rail prior to welding, it might have 
come from water in the electrode coating, it might have 
been present in the electrode core wire or in the rail or in 
the flange plate. Welding continued while an intensive 
investigation was carried out to eliminate by deduction 
from the facts known about the particular welds and by 
a series of full-scale trials. Eventually it was found 
that the major cause was hydrogen entrapped in certain 
“green” rails which had been taken straight from the 
mill and welded on to the building without an inter- 
mediate aging period. Programs were immediately re- 
arranged to look after this and certain other precautions 
were taken and thereafter the welding technique was 
continued with success. 

Numerous other examples of gaps in technical know!- 
edge which could not be bridged by experience because 
there was none, could be cited, but sufficient examples 
have been given to illustrate the methods employed and 
the scale of the research and development work needed 
to back up the design office and site organization. 

The reader will have inferred from the foregoing that 
no extensive application was made in the design of this 
welded steel structure of the intensive research being 
carried out both in America and in Great Britain into 
the plastic properties of steel in relation to continuous 
welded struetures. The reasons for this may be noted. 
It has already been mentioned that from gantry girder 
downward the structure was regarded as being subject 
to conditions of usage closer to plant conditions than 
structural conditions and that the design was viewed 
from this point of view-—-that is to say, stress reversal 
and fatigue considerations dominated. Above the 
gantry girder level the light, open truss work was 
governed mainly by questions of elastic instability and 
these factors together rendered the application of what 
is termed in Britain the ‘‘elementary plastic theory,” 
impracticable. Therefore, as the reader will already 
have inferred, the designers were guided in their 
strength analysis by traditional concepts based on 
elastic considerations. 


A PILOT PLASTIC DESIGN 


Shortly after this building was completed the engi- 
neers were fortunate enough to have an ideal oppor- 
tunity of putting into effect without compromise under 
almost ideal conditions a number of theories pertaining 
to welded building structures, including the theory of 
plasticity as developed in Great Britain by Professor 
Baker and his team at Cambridge University. The 
building concerned was a small fatigue-testing labora- 
tory for the British Welding Research Assn. It will be 
seen from Fig. 15 that this comprises a main testing hall 
with a small two-story office block at the north end. It 
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Fig. 15 


British welding research association laboratory 
tbington, England—first steel framed plastic design 
erected in Europe 


is in the steel structure supporting the main hall that the 
pilot experiment was carried out. 

The main themes of this pilot design, intended to 
illuminate the economic aspects of certain theories in 
relation to welded building structures, may be stated 
as follows: 

(a) By suitable proportioning, monometallic struc- 
tures can be designed having sufficient inherent stability 
(aided by stabilizing influence of the cladding in some 
instances) to enable the plastic properties of the steel 
and also the degree of redundancy of the structure to be 
taken advantage of in the design. In short, the plasti« 
theory might be expected to vield economic benefit 

(b) The considerable economies 1 weight of steel 
which might be expected from (a) above need not 
necessarily be frittered away in increased labor costs 
particularly in relation to the final step, the welding of 
all site connections. 

(c) If welding and its associated fabricating processes 
are used logically, it may be expected that certain 
traditional forms of element will prove no longer the 
right economic solution and that therefore new forms 
may be expected to emerge. 

Though perhaps of interest to certain structural de- 
signers, it would seem out of place to give many details 
of this experiment in this paper. The author will there- 
fore merely select certain points from the experiment to 


illustrate the main themes 


Plastic Design 


The diagrams in Figs. 16 and 17 illustrate the maim 
framing scheme. It will be noted immediately that the 
purlins, the special eaves gutter unit and the gantry 
girder are welded into a continuous length throughout 
the building and that the transverse frames are also 
welded into a contimuous structure cast monolithically 
into the concrete substructure in the same wav as at 
Abbey Works. 


mitted from the brick walls to the transverse steel 


The transverse wind loads are trans- 


frames via reinforced concrete wind beams in this case, 
since these conveniently formed cills and lintols and 
married into the brick cladding more easily than con- 
tinuous steel members would have done 
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The main frames were stabilized up to eaves level by 
the concrete beams and also by the inner leaf of the 
eavity brick wall which was built in hard against the 
web of the main joist section as shown in Fig. 1S. At 
the eaves knee a critical point in relation to elasto- 
plastic instability the joist cutting which can be seen 
in Fig. 19 was cast integrally into the top concrete wind 
beam. The rafter member was not only restrained 
laterally by the purlins but since these were welded to it 
they also provided «a considerable degree of torsional 
restraint. This framework, if loaded to collapse, could 
be expected to fail by the formation of four plastic 
hinges which were found from the calculations to oceur 
at the stanchion feet and at the eaves —in this condition 
the structure would fail as a mechanism. It would be 
out of place to describe in detail here the most titerest- 
ing theory upon which these calculations are based. It 
should merely be stated that research at Cambridge 
University under the direction of Professor Baker has 
been carried forward to the stage where the design office 


calculations are simpler than their commonplace elastic 
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hig. 18) BW.R.A. laboratory—site welding details of con- 
tinuous gantry girder 


theory counterpart. A good account of this work is 
given in the Journal of the Institution of Structural 
Engineers (Great Britain) for October 1949. 

Subsequent analysis of the design showed the frame- 
work which complied to the requirements of the 
British Standard Specification 449 which governs steel 
building structures in Great Britain to be approxi- 
mately 45°) lighter than what we would term its simply 
supported counterpart, i.e., cantilever columns support- 
ing a welded or riveted truss, and at least 17°) lighter 
than the lightest conceivable seetion which would have 
been used had the continuous frame been analyzed in 
line with current elastic design methods. A more real- 
istic estimate would have been around 40°) saving but 
this would have been to some extent contributed to by 
the restricted range of rolled sections available. 

The use of an I section purlin welded into continuous 
lengths throughout the building and also welded in- 
tegrally to the frame enabled a considerable weight 
saving to be made on this item. In fact the purlins 
used were a little over half the weight of those of the 
traditional angle sections commonly employed. ‘To 
some extent this saving is attributable to the fact that 
the total deflection under working loads was approxi- 
mately halved by presetting the purlins before welding 
so that under the dead load, i.e., the weight of the roof 
sheeting plus lining plus electrical fittings, the purlins 
beeame approximately straight. These precambered 
purlins can be clearly seen in Fig. 20. 


Site Welding 


The objections often raised to site welding, parti- 
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Fig. 19° B.LW.R.A laboratory—plastic frame knee showing 
stabilizing lug 


Fig. 20) B.W.R.A, laboratory—continuous cambered 
purlins 


cularly in Britain where the climate is notoriously un- 
certain and work on the site may often be held up due to 
wet weather at any season of the year, are that delays in 
erection are a serious economic drain. The designers 
felt that this need not necessarily be so provided that 
the problem of erection was tackled by them with the 
same energy as might be applied to the selection of the 
sections for the main element and to the strength 
analysis of the structure. It was considered that simple 
self-jigging single-bolted connections could be devised 
which would enable the erection of the steel to proceed, 
if anything, faster than possible with normal bolted 
connections and that then the framework might remain 
unguyed for any period awaiting attention from the 
welders. Figure 21 shows a typical joint of this kind. 
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fig. 21) laboratory-site welding detail, special 
gutter element 


Here the special gutter unit comprising a piece of plate 
bent and automatically welded to an angle, thus pro- 
viding not only a gutter unit but a combined eaves tie 
as well, was attached by one bolt at each end to the 
small cantilever extensions from the frames, the bolts 
being so inclined that they had a force component 
butting the two adjacent gutter ends together and at 
the same time holding them against the pack, thus 
jigging them for welding and providing a joint of ample 
strength requiring no guying 

Scaffolding for site welding the joints in the main 
frames and in the continuous purlins was provided for 
no additional cost by utilizing a small platform later to 
be attached on top of the gantry crane for servicing root 
lights, ete., so that it could be slid along the gantry 
rail to provide a working platform for the welders (see 


Fig. 22 


Fig. 22 B.W.R.A, laboratory—site welding 


Nontraditional Elements 


Now we come to illustrate the third theme, that being 
the need sometimes to break away from. traditional 
forms if welding and associated modern fabricating proc- 
esses are to be used to maximum economic advantage 
The gutter unit to which vour attention has already 
been drawn in another connection provides an example 
of this. Traditionally, a rolled section eaves tie would 
he used carrying, by means of clips or brackets, a pre- 
formed gutter unit. The section vou will already have 
noticed in Fig. 21 serves both these purposes and pro- 
vides a stronger, neater and larger capacity gutter than 
would have been obtained with the traditional 
approach, 

The gantry girder, a cross section of which is shown in 
Fig. 23, at first appears to be of traditional form. How- 
ever, it will be noted that instead of the usual joist 


section surmounted by a channel surmounted by a 
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Fig. 23) 1. laboratorv—gantry girder details 


rolled section rail, it Comprises a 
bottom flange plate automatically 
velded to a thin web plate automa- 
tically welded to a channel which im 
turn is automatically welded to a 
flat or billet forming an integral part 
of the top flange and also acting as 
1 rail for the manually operated 
5-ton capacity crane. This section, 
though of traditional form, was ap- 
proximately 50°, lighter than usual, 
and involved no extra workmanship 
vhatsoevet somewhat start- 
ling weight saving without change of 
form stems from the following 
sources, The web plate is con- 


siderably thinner than the web of the 
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corresponding rolled section would be, the heavy top 


flange of the rolled section which would be at a position 
of low stress and therefore contribute a little to the 
strength of the structure was eliminated, and finally the 
rail which by welding inevitably acts as an integral part 
of the structure is made to carry its full share of the 
load. Finally, the girder is welded into continuous 
lengths, thus again increasing its strength for a given 
weight, or conversely, being lighter for a given strength. 

Before leaving the evolution of new elements, men- 
tion should be made of the torsion bar as a structural 
element. During the riveting era structures almost in- 
variably comprised simply ties, struts and beams. 
Considering that when two beams meet at a right angle 
bending in one induces torsion in the other it may seem 
surprising that the torsion bar has played little or no 
part in building structures. The reason is, however, 
not far to seek. It is very difficult to provide a riveted 
connection Which will readily transmit torsion from one 
member into another at right angles, and further the 
open rolled sections evolved during the riveting era are 
torsionally feeble. With welding, however, the sim- 
plest possible method of connecting two members at 
right angles is probably the profile weld and this will 
transmit torsion most efficiently. Further, by welding 
together standard rolled sections either angles or 
channels, closed box sections of considerable torsional 
strength and rigidity can be most economically made. 
One might therefore expect to find in a welded structure 
a number of torsion bars which are merely the logical 
complement to the beam, 

This small pilot design included four such applica- 
tions, two of which may conveniently be illustrated 
here. At one end of the building a small platform was 
required to support two tanks, one of which might be 
empty, one of which might be full. Figure 24 shows 
how such a platform might have been supported in a 
riveted structure. ‘Two suspenders would have been 
necessary and stiffening of the purlins or additional 
members parallel to the purlins would have been re- 
quired, the tanks being heavy compared with the roof 
load. The platform, it should be explained, was at one 
end supported by lugs built into the gable wall. A 
much more economical and elegant solution would be to 
suspend the platform from the heavy hoist beam 
immediately above, if means could be found for pre- 
venting twisting when one tank was full and one empty. 
By making the platform of two channels welded to a 
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Fig. 24 laboratory—torsion bar application 
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B.W.R.A. laboratory—torsion bar application 


checkerplate platform and connecting the channels 
transversely by lengths of tube, such a torsionally stiff 
platform was readily achieved. The action of the tubes 
in resisting warping is illustrated in the diagram, Fig. 
25 (A). 

At a late stage in the design the designers became 
aware of a requirement to hang a 9-ton bottle from the 
gable frame for the purpose of plant erection. A tie was 
added to the frame at the level of the platform to pre- 
vent spreading at the eaves, but resisting the sway force 
on the frame which might amount to 2 tons, presented 
a problem. The brickwork at the return to the gable 
wall, being much stiffer than the frame, would in the 
first instance take the whole of this load and in con- 
sequence probably crack. It was therefore decided to 
peg the frame to the mid-point of the gable wall via the 
platform lugs. This could easily be done except that 
the line of action of the sway force in the tie was 
eccentric to the line of reaction in the brickwork. Thus 
the platform would twist on plan, as illustrated in 
Fig. 25(B). By substituting a tube for the angle section 
suspender previously proposed, the torque was trans- 
mitted to the laterally stiff hoist beam above thus 
providing an elegant and inexpensive solution. It will 
be appreciated that the final solution involved consider- 
ably less material and labor than the traditional 
riveted solution which would have been the twin sus- 
penders with stiffened purlins with additional cross 
bracing (not shown on the diagram) to meet the later 
sWay requirement. 


Economics of Pilot Design 


The examples which have been given are merely 
illustrative of the main theme but the same trends of 
thought were repeated over and over again in the de- 
sign. A cost analysis of the final structure as erected 
when extrapolated by the contractor in terms of a build- 
ing at least ten times as big revealed a clear-cut saving 
of at least 14° as compared with normal present-day 
British welded frame design. The authors however, 
believe that this figure is pessimistic and that a saving 
of about 20°7% would be more realistic. 
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While in the design of building structures there are 
too Many variables for far-reaching conclusions to be 
drawn from such a small-seale pilot design, it greatly 
strengthened the authors’ conviction that the evolution 
of welded structures both from the technological and 
economic point of view is far from reaching finality 


OTHER EUROPEAN EXAMPLES 


So far the examples given have been taken from the 
authors’ personal experience to show general trends 
which may now be further illustrated by a number ot 
descriptions of other works in Britain and elsewhere on 


the European Continent. 


French Steelworks 


Two steelworks recently completed in France are of 
particular interest in that their form of construction 
very closely follows that adopted previously for the 
Abbey Works. This is particularly interesting in that 
the engineers concerned must presumably have con- 
sidered the same problems as the author in planning the 
work and have independently come to the same con 


clusions 
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Fig. 26 Vierendeel steelworks construction—tItaly 


Italian Steelworks 


While the extensive use of the Vierendeel form of 
element in steelworks, even if the booms are tapered, i 
in the author's opinion likely to prove costly both in 
labor and material, designers in certain European 
countries lean toward this structural form which fab- 
rication by welding renders practicable. The illustra- 
tion of a steel mill in Italy, Fig. 26, designed by A 
Bozzarelli of the Ilva Corp. provides a good example of 
this trend 


German Works 


The suspension bridge over the Rhine between Duis- 


berg and Dusseldorf shown in Fig. 27 is of interest be- 


Fig. 27 Suspension bridge with semiautomatic welded 


stiffening girder—Germany 


cause it provides an example of the increasing use by 
structural fabricators of automatic and semiautomatic 
methods of welding The stiffening deck of this suspen- 
sion bridge is mainly of welded plate girder construction, 
these elements all being fabricated by the Elin-Hafergut 
process Which we in Britain call “firecracker” welding. 
In Germany, as elsewhere in lurope, designers have 
been quick to take advantage of the clean sumple Sur- 
faces to which fabrication by welding leads. The 
elimination of innumerable small excrescences inevitable 
in riveted work brings substantial economic gain in the 


fight against corrosion costs and a less easily evaluated 
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Fig. 28 Contrast between riveted and welded railway 
viaducts—Germany 
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29 Site fabricated hangar—Spain 


but nonetheless real gain from the esthetic viewpoint. 
Figures 28 (A) and 28 (2), showing, respectively, 
riveted and welded viaduets in Germany, provide a 
good illustration. 


Spanish Hangar 


One of the influences of welding which will be enlarged 
upon later is the trend toward making not only site con- 
nections by welding but to carrying out an increasing 
proportion of fabrication on the site. The hangar 
illustrated in Fig. 20 provides an excellent example. 
This structure (near Madrid) designed by Professor 
Torroja, is approximately 600 ft long by 150 ft deep. 
The roof is supported by a continuous welded lattice 
girder with but one internal support in the 600-ft length 

this single internal column met a definite functional 
requirement. ‘This very large lattice girder, weighing 
approximately 450 tons, was assembled completely by 
welding on the ground immediately beneath its final 
resting place. Figure 30 shows two half sections await- 
ing hoisting after site fabrication. 


BRITISH TUBULAR AND STRESSED SKIN 
WORK 

The foregoing examples have 
been chosen from various European 
countries for the purpose of showing 
how the broad trends are the same 
Now we may return to Great Britain 
for examples to illustrate another 
trend. The role of the structural 
engineer in Europe which has been 
largely confined to bridges and 
building structures in the past is, 
under the integrating influence of 
welding, again expanding so that it 
overlaps other fields of engineering 

in the following examples it leads 
the structural engineer to deal with 
plant. 
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Fig. 30°) Site fabricated hangar—Spain 


That the circular tube or box section torsion bar 
should take its logical place alongside struts, ties and 
beams as a fundamental structural element with the 
advent of welding has already been remarked upon. 
However, the tube is also a very efficient strut section 
and is no less efficient than other sections asa tie only as 
a beam is it inferior weight for weight. However, apart 
from considerations of structural efficiency, Le., weight 
strength ratio, the closed box when sealed provides the 
best possible solution to the corrosion problem. Fur- 
ther, when used in structures subject to large wind 
pressures its aerodynamic drag is far less than that of 
the comparable open rolled section. Finally, when 
used under roof conditions the circular tube particularly 
is better able to withstand accidental knocks than open- 
rolled sections of similar weight. It is therefore to be 
expected that welded tubular structures will prove the 
best economic engineering choice in certain cases 

The jib of the walking dragline illustrated, Fig. 31, pro- 
vides an excellent example of the work of the structural 
engineer applied in the plant field and a perfect ex- 


ample of the use of welded tubes in a structure. It is 
perhaps not out of place to comment here that this 
British machine designed by Ransome & Rapier with 
the jib designed and fabricated by Tubewrights Ltd. 


hig. 31) 4 282-ft all-welded tubular steel job of a walking dragline made of 
high-tensile molybdenum steel—Great Britain 
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Fig. 33 (B) Tubular stubs welded to a I1'/y-ton steel 
forging, forming one of the heel pieces 


The immense boom, weighing 126 tons, complete 


with catwalks and accessories, and illustrated in Fig. 82, 
is of special high-tensile chromium molybdenum tubes 
and was site welded from shop fabricated 40-ft lengths 
\ particular feature of the construction which illustrates 
a trend in structural design which will be further com- 
mented upon later is the use of special forgings for cer- 
tain intricate details examples of such a detail and 


Fig. 32) The*catwalk,”’ comprising inspection ladders and 


such a forging are n Figs. 33 ‘ (Bh) 
platforms, gives access to all parts of the jib ich a forging are shown in Figs. 33 (4) and (B 


an organization specializing ino tubular building and 
other struetures—-is claimed to be the largest in exist- Am 


ence. It weighs 1600 tons and has a dumping radius of 
260 ft. Its bucket takes 27 tons at a bite and the 


machine digs and dumps its own weight every hour of 


its working life 


hig. 34 Skip hoist at Stewarts and Lloyds Ltd., Bilston 
Iron and Steel Works 


This structure was site fabricated, and is of all-welded tubular ateet 


AH construction. Skip bridge being threaded between stoves on left and 
Fig. 33 (A) Vieu of the ipe ‘ Rings and assembly of the furance on the right When complete, projection plates will be 
structure at this poml welded in spaces between rails 
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Fig. 35°) Welded stressed skin bridge—Great Britain 


Another interesting example of tubular work by 
‘Tubewrights Ltd. is the blast furnace skip hoist shown in 
Fig. 34 

To conelude this series of illustrative examples the 
author would include a small bridge from his own prac- 
tice which illustrates the corollary to the aforemen- 
tioned trend, ie., the influence of engineering thought in 
From Fig. 35 it will 
be seen that the bridge comprises a simply supported 


other spheres of structural design. 
single span. Its funetion is to support and totally en- 
close a conveyor belt between two parts of a factory 
divided by a canal. A particularly corrosive atmos- 
phere, together with the need for smooth, external faces 
free of dirt-catching excresecences and details, led 
naturally to a welded construction. The need for a 
smooth, easily cleaned interior led to a shell form. The 
design finally evolved consisted essentially of a stressed 
skin trough section with all stiffening ribs on the outside. 
The particular designer in charge had previous aircraft 
experience and the influence of this can be clearly seen 
in Fig. 36 from which also the economy and cleanliness 
of the construetion can be appreciated. 


SOME INFLUENCES OF WELDING IN THE 
STRUCTURAL ENGINEERING FIELD 

We would now draw the reader's attention to a trend 

which he may already have noticed from the various 
examples illustrating the main theme of this paper. 


Widening Horizons 


In the past the structural engineering mdustry in 
Europe has been confined to a rather narrow field and 
has become highly specialized. Now the process ap- 
pears to be going into reverse. The structural engimeer 
is becoming more and more intimately linked with the 
plant engineer. As welding leads more to the use of 
plates and tubes and of fabrication processes such as 
gas cutting, cold forming, ete., the structural fabricator 
is drawn into other fields such as fabrication of large 
vessels and certain plant parts. Thus we may expect 
the structural designer's horizons to widen and he may 
follow to some extent in the footsteps of his brothers in 
the shipbuilding field or in the aireraft field. After all, 
the hulls of aircraft and ships are just as much structures 


as a building or a bridge. ‘The tubular drag line boom, 


4 
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designed and fabricated by a mainly 
structural firm, the small stressed 
skin bridge and the increasing use 
of torsion bars in ordinary building 
structures illustrate this tendency 


Ready Sprayed Steel 


This integrating process whereby 


the trend toward — specialization 


seems to be reversing cuts both 


ways. For example, building 


structures are probably the most 


hig. 36 Welded stressed skin bridge—Great Britain 


neglected of all steel fabrications from the corrosion 
point of view and it is perhaps natural, therefore, that 
in this respeet we might expect the structural engineer 
tolead. At the present time in Britain it is intended to 
setup a plant at one of the main steel mills for producing 
Not only will 


this mark a profound step forward in tackling the corro- 


aluminum or zine presprayed raw steel, 


sion problem in the field of building structures, but it is 
expected that naval architects, the manufacturers of 
air bottles, gasworks plant and so on will also take ad- 
vantage of this product of the structural engineer's 


Initiative. 


Dangers—Brittle Fracture and Fatigue 


Whenever evolution is rapid there are pitfalls to be 
avoided and it may not be out of place to indicate some 
of these here. The structural designer must take into 
account factors which in the past he has been able to 
neglect. For example, though the failure of certaim 
bridges and certain welded oil tanks have been attri- 
buted to low-temperature brittle fracture, it was in the 
field of shipping that this problem was first clearly 
recognized and intensively investigated. We m Great 
Britain have countered this in the shipping field by the 
introduction of a rule known as Lloyds P.403 whereby 
the quality of ship plate from the low-temperature notch 
brittleness point of view is to some extent controlled. 
So far this measure has proved sufficient in combination 
with other design and quality control precautions to 
eliminate trouble. For special jobs special, low-tem- 
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of 


perature tough steels, tor instance Colvilles ““Coltut 
28," have been evolved 

In the structural field as research reveals more of the 
nature and causes of brittle fracture and as development 
work produces new steels and so on, struc tural engineers 
are closely watching this potential danger. An example 
from the authors’ practice may be quoted to illustrate 
this point. When in 1947 the heavy welded girders pre- 
viously described were designed, the COnsSeMSsUs Ol 
opinion in Great Britain was that there was little 
danger with British structural steel with its high man 
ganese carbon ratio and particularly when related to 
British steelmaking practices. However, since that 
time there have been one or two failures involving such 
steel and, following on trom the shipbuilding research 
mentioned, the properties of these steels have been 
further investigated, In the light of the latest knowl- 
edge it appears that in the thicker sections there exists 
some risk of failure with British structural steel and 
while the probability of catastrophe is very small it 
must now be taken into aecount. ‘Thus in reconsider- 
ing the design of the heavy girders in connection with 
the extensions to the same buildmg now being under- 
taken, the author has decided upon the substitution of 
“Coltuf 28” for mild steel in the fliteh plates so that 
should a very adverse and unlikely combination ot 
circumstances lead to brittle failure of the flange plates, 
the flitches will act as crack-arresting barriers and pre- 
vent catastrophic collapse 

As the structural engineer becomes involved in the 
design and fabrication of plant and so on he will have 


to take increasing notice of fatigue and other problems 


POSSIBLE FUTURE TRENDS 


From the foregoing the reader will have gathered that 
in Europe there is a strong urge toward the achieve- 
ment of the maximum efficiency and economy and in 
this the application ol we lding Is plas Ing a great part 
It will be seen that the inevitable problems which arise 
are being tackled with energy and determination and 
also that the research work carried out in the univer- 
sities and other research organizations is being energeti- 
cally pressed into service. Welding in particular is 
exerting an integrating influence, it is widening the 
horizons and the scope of the structural engineer and in- 
creasing the contact and overlap) between various 
branches of the engimeermg profession as a whole In 
conclusion, therefore, it may be appropriate to attempt 
a brief survey of where welding is leading various people 


concerned. 


The Steelmaker 


We should start perhaps with the steelmaker. The 
demand for his materials may change; there will be 
heavier accent on plates and there will be a demand for 
new and different rolled sections. There will be a 
demand for new. steels, high-tensile welding steels, 


notch-tough steels, prespraved steels and so on. 
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The Fabricator 


The steelwork fabricator may expect to extend the 
scope of his activities to overlap, on the one hand, into 
the plant field and on the othe r, as he is already domyg Itt 
Great Britain and in America, to the fabrication of ship 
subassemblies But perhaps the most profound change 
must be in his approach to shop organization. It 
would seem that the urge toward greatel efficiency will 
demand more and more me¢ hanization already 
matic welding is playing a greater and greater part but 
to this it would seem that automatic handling must also 
be added giving production flow lines similar to those im 
other industries. ‘Thus, perhaps, in Britain at any rate, 
we may see the welding shop of the future divided into 
two bays. In one all the eutting and preparation wall 
be done, while in the other the materials completely 
prepared for welding will be assembled on the end of a 
continuous production line and will come out at the far 
end as a completed welded assembly; virtually all the 
welding being automatic Perhaps this concept 1s 
colored slightly by Trade Union practices in Britain but 
we might expect something similar to occur im other 
Muropean countries 

Though we have already indicated that the field of 
the structural fabricator may well be much widened by 
welding, this necessary drive toward more and more 
mechanization may result in mdividual fabricators be- 
coming more specialized since the capital cost of the 
plant involved will be very much greater than at pres- 
ent, Where much of the welding ts still manual and there 
is very litthe mechanical handling in europe. Thus we 
may see in a locality bounded by the transportation 
cost, one fabricator possibly specializing in welded plate 
girders, another im welded truss work, Vet another im 
tubular constructions and so on. Following this tram 
of thought the logical de elopme nt in the field of build- 
ing structures might be the concentration of labor or 
machine work on, for instance, the knees of portal 
frames, so that the completed tramework consists of 
small but complicated units forgings in some cases and 
welded assemblies in others and plain rolled seetions 

This latter idea might also lead toward more site fab- 
rication; it might be possible for a specialist manufac- 
turer to send the small complicated units to the site and 
for the plain sections to be delivered there from the 
mills and for fabrication and erection to take place 
simultaneously on the site. Indeed many designers in 
Great Britain believe that greater standardization in the 
fabricating shop linked together with greater freedom in 
site fabrication, as well as site erection by welding, are 
essential for economic progress. Further, the great 
flexibility of welding as a fabricating process may be 
tuken advantage of by sending ail units in a standard 
form to the site and then if individual cases are different 
for stairways, extra load points, and so on, these can be 
met by welding on or burning out material and suitably 
stiffening on the site prior to erection. Incidentally, 
this may also overcome one of the bugbears of the strue- 


tural designer in that much of the data which he re- 
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quires for these odd special frames and so on is very 
rarely available until the last moment and much draw- 
ing office time is wasted on details which have later to be 
altered anyway. 


The Structural Designer 


Finally, we come to the professional engineer who is 
generally the designer of the structures. It seems to 
the author that he must bear the main burden of re- 
sponsibility for ensuring that not only welding but also 
the allied fabricating and forming processes which 
logically go with it are utilized for the maximum benefit 
to society in general. From the examples which have 
been given in the paper it will be seen that in Europe 
there is a genuine urge toward new and better things in 
this field, but perhaps the author may be forgiven if in 
the concluding paragraphs he reverts to the position as 
he sees it in his own country. The application of weld- 
ing and its associated processes is frankly lagging behind 
that which many designers had hoped for and indeed ex- 
pected. There is often a tendeney to blame this wholly 
on the fabricating firms in Britain, most important de- 
sign work is in the hands of Consulting Engineers —few 
of whom have as vet laid out their works to properly 
take advantage of the technological advances which 
have been made, particularly since World War IL. 
Further, there is a tendency to blame the fabricators for 
pricing up welded jobs to delay the expensive obsoles- 
cence of many comparatively new riveting plants. Be 
this as it may, however, welding in the stuctural field is 
in the growing stage and the fabricator is not at all clear 
where welding is going. He gets a job in from one de- 
signer and the accent appears to be entirely on welded 
plate work, possibly with a tendency toward Vierendeel 
A little later he takes on another apparently 
similar construction for a designer and finds he is ex- 


members. 


pected to turn out hundreds of tons of welded lattice 
work. Yet again another designer may come along re- 
quiring the structure to be almost entirely shop welded 
and erected by site bolting, another may come along 
expecting a certain amount of fabrication on the site, 
and an entirely site welded job and so on. With some 
justification the fabricator claims that he cannot be ex- 
pected to serap his existing layout and reorganize for 
fully automatic processes with automatic handling, ete. 
when it seems quite impossible for him to see the future 
design trends. Here perhaps the professional engineer 
is to some extent at fault, and it would seem that m 
Britain we must get through this development stage 
more quickly than the corresponding stage in riveted 
construction was encompassed. 


‘There seems to the author to be a real need to get the 
fundamental lines upon which economic development is 
going to take place settled as quickly as possible. In 
this the professional associations, the government- 
sponsored research laboratories and the steel fabricat- 
ing industry must collaborate. If it is not properly 
settled which is the economic form of structure, then 
perhaps some laboratory or theoretical or practical in- 
vestigations may provide an answer very much quicker 
than the painful process of trial and error over several! 
vears. 

When the broad lines of development have been 
agreed upon, it is then up to the professional engineer 
to pursue these lines; that is not to say that he should 
settle down to a formalized design and abandon the 
endless quest for the new and better, but that he must 
take advantage of any facilities, especially if very 
specialized, which the fabricating industry can offer. 
If, for example, a particular shop is set out for the fully 
automatic manufacture of plate girders, he might with 
advantage-—and indeed with some economic gain— go 
for such work in a case which, perhaps on purely 
theoretical grounds, it might be argued that lattice 
work would be lighter. When this development takes 
place it would seem that the riveting era will be finally 
over and society generally will be able to reap not only 
the technical rewards but also the great economic gains 
which aeerue from welding and its allied processes. 
Then we may look forward to further development and 
in this perhaps the greatest single factor will be the free 
dissemination of technical information and the closer 
and closer association between all branches of the en- 
gineering profession. The aireraft§ designer, naval 
architect, the automobile engine designer, the structural 
engineer, the bridge designer and so on, each with his 
different background and each with his different prob- 
lems, can exert a stimulating and invigorating effect 
on his colleagues, and each has some experience to 
bring to the common pool of knowledge so that the 
experience of all may be enriched. 
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Joining Ductile Several Welding 


Methods 


® Metal arc and inert arc welding of magnesium-containing cast iron, 
using nickel-iron electrodes, steel electrodes and nickel-iron filler wire 


by T. E. Kihlgren and 
H.C. Waugh 


INTRODUCTION 


engineering material which com- 


| UCTILE IRON” is a« relatively new 
bines the castability and machin- 
ability of gray cast iron and the me- 
chanical properties of cast steel to a re- 
markable degree. The material, some- 
times referred to as “spheroidal-graphite 
cust iron,” on 
cast iron” is characterized by a structure 
in which graphite is present as spheroids 
instead of the flake form found in gray 
east iron. It is this structural feature 
which saccounts largely for the unique 
characteristics of spheroidal graphite 
cast iron 
In many of the fields of application of 
spheroidal graphite cast iron, weldability 
With the 


increasingly wide acceptance ot Ductile 


is an important consideration 


Iron, the need for more information on 
its response to welding as a means of fabri 
cation, repair and salvage has become pro- 
gressively greater 

This paper deals with metal are welding 
and to a lesser degree with inert are weld- 
ing of magnesium-contaming cast iron, 
using nickel-iron electrodes filler 
wire Brief data are also presented on 
metal are welding of this material with 


steel electrodes 


COMPOSITION AND PROPERTIES 
OF UNWELDED DUCTILE TRON 


Some comment may be in order on the 
composition and properties ol magnesium- 
Basically, Ductile 


Iron is a gray cast iron which has been 


containing cast irons 
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treated with magnesium, the residual 
magnesium preferably being of the order 
of 0.05-0.08°, The base composition 
ean be further strengthened by increases 
in manganese and nickel content. The 
following tabulation represents a satis- 
factory range of compositions of Ductile 


Iron, unweldes 


C 3.2/4.2 
Si 1.0/4.0 
Mn 0.1/0.8 
P, max 0.10 
Ni 
Mg 0 05/010 


The mechanical properties, depending 
upon whether the casting is in the as-cast 
or annealed condition will range as shown 


in Table 1 Using certain compositions 


lable 


Tensile strength, psi 60,000) 105,000 


Yield strength, psi 15,000 75,000 
Klongation, % 1-20 
Bhn 140 200 


ind appropriate heat treatments involving 
quenching and drawing, tensile strengths 
is high as 150,000 psi with Of; elongation 
have been obtained 

The greater portion of current produc 
tion of Ductile Lron castings would fall 
within the following range of composition 
and properties shown in Table 2, Most 


Table 2 


Composition 


range Propertu 
C 60/95,000) psi tensile 


strength 
15 65,000 psi yield 
stre ngth 
3/20% elongation 
150/250 Bhn 


1.75-2.75 Si 
0 20-0 80 Mn 

0 10Ni 
0.050 OS Meg 
0 10 P, max 
0 025, max 
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castings are used in either the as-cast 
or annealed condition, the anneal nor- 
mally consisting of | hr at 1650° F 
cooling to 1275° F, 
In the 
paper, the above condition will be desig- 
nated as annealed or FHT 

Most of the data to be presented will 


followed by slow 


holding for 5 hr and air cooling 


refer to base plate falling within the range 
of composition of Table 1. Generally, 
low-alloy plate containing less than 0.35 
Mn and 0.75 Ni was used for the welding 
tests 

Part l. Metal Are Welding 
METAL ARC WELDING WITH 
NICKEL-IRON ELECTRODES 


\ considerable 
has been obtained on welding ol Ductile 


mount ol e\perience 


Iron with coated austenitic nickel-iron 


electrodes The particular electrode 
used for these studies is designated com 
mercially as Ni-Rod 55 and is essentially a 
60/40 nickel-iron core wire, coated with 
t carboniferous lime-spar type of flux 
coating There are several other com- 
mercially available nickel-iron electrodes 
differing primarily in) the composition 


Much of the 


following recommendations on welding 


of the flux coating ipphed 


procedure will apply to these electrodes 
ilso, Since the coating is an important 
consideration, it is obvious that the data 
on weld cracking, mechanical properties, 
ete., cannot be applied indiscriminately to 
ill electrodes of this general deseription, 
In the succeeding portions of the paper, 
when the term “‘nickel-iron”’ electrode is 
used, the data will be based on Ni-Rod 
55 experience In using other commercial 
electrodes of this type, the electrode man- 
ufacturer’s instructions with respect to 
electrode manipulation, welding currents 
ind welding procedure should be con- 


multe a 


CHOICE OF CASTING 
COMPOSITION FOR WELDING 


In general, the higher the manganese 


Y47 


and nickel contents (and hence the weld 
hardenability) the less latitude there is in 
welding and the greater will be the need 
for preheat. For example, a Duetile 
Iron containing 0.90 Mn and 1.5 Ni will 
require more care in welding than one 
with 0.25 Mn and 0.70 Ni, other things 
being the same. The increase in weld 
hardenability of the former will be re- 
flected in greater machining difficulties 
in the heat-affeeted zone It im- 
portant to control phosphorus content, 
if weld cracking is to be avoided AO.10°, 
P maximum appears setisfactory when 
plates are welded with nickel-iron elee- 
trodes or filler wire It is believed that a 
0<.05°, may provide further 
latitude and is probably necessary where 
mild steel electrodes are to be used In 


genere!, 


in applications where weldability 
is 4 prime consideration, the composition 
renge of Table 2 should be further nar- 
rowed with respect to manganese, nickel 
and possibly phosphorus along the lines 
indicated above. The following nominal 
composition, for example, would be ex- 
pected to show a good combination of me- 
chanical properties and weldability using 
several welding processes: 3 OC, 2.40 
Si, 0.25 Mn, 0.70 Ni, <0.05 P, 0.06 Mg 


EFFECT OF PLATE CONDITION 


For maximum welding response, Due- 
tile Tron castings should be welded in the 
annealed (FHT) condition, This treat- 
ment insures the greatest freedom from 
fusion line eracking hazards, as well as 
the best machining qualities, at least as 
far us us-welded joints are concerned, 
Good quality joints can be obtained on 
either as-cast or annealed material using 
nickel-iron eleetrodes or filler wire, but 
when using mild steel cleetrodes, the prior 
anneal is necessary, as will be discussed 
later 


ARC-WELDING PROCEDURE WIth 
NICKEL-ITRON ELECTRODES 


The following procedure is suggested, 
much of it being applicable to welding with 


other electrodes and Processes 


Preparation of Castings 


This phase of any welding job is im- 
portant, and suecessful) welaing may 
hinge upon the care taken at this stage 
On new castings, the preparation consists 
mainly of removing the casting skin 
and adhering foreign matter from the 
surfaces to be joined and from the im- 
mediately adjacent area. This can be 
done by machining, grinding, shot blasting 
or other suitable means. Such a preeau- 
tion not only decreases danger of contami- 
nation but also insures better slag cov- 
erage and removal characteristics, 

Castings which have been in service and 
require weld repairs may be found to be 


oil impregnated, Such castings are de- 
greased by use of a solvent, such as carbon 
tetrachloride, sometimes in conjunction 
with cleaning by steam, which will serve 
to remeve surface contamination with oil 
and grease. In some instances, oil may 
have penetrated the casting sufficiently so 
that torch heating to about 750° F may be 
indicated to decompose oil and grease and 


drive off volatile matter. 


Welding Amperages 


The nickel-iron electrodes under dis- 
CUSSION operate on de or ue When 
used on de, reverse polarity is recom- 
mended. The welding current should be 
as low as possible, consistent with smooth 
operation, good bead contour and the 
obtaining of «a good “wash.” Recom- 


mended ranges are given in Table 3. 


Table 3 


Blectrode De AC 
SO 60 90 
V/s 110 100° 120 
5/39 120 140 130-150 
WAT 160 150 170 


Electrode Manipulation and 
Welding Sequence 


In general, the eleetrode should be op- 
erated with a normal weave, and conven- 
tional width beads deposited. The stringer 
bead technique often used) cast-iron 
welding is not recommended with the 
nickel-iron electrode, In making butt 
joints, a 6O0- to 75-deg vee should be em- 
ploved. Where a considerable amount of 
metal must be deposited, as in filling in of a 
large cavity, the sides may be “buttered” 
and the cavity filled in gradually toward 
the center of the repair area. In any 
event, the welding should be staggered so 
that the heat is distributed reasonably 
uniformly through the weldment 


Peening 


This is often done to reduce the stresses 
in the joint. If peening is to be done, it 
should be by repeated moderate blows 
rather than by a few heavy blows, peening 
each bead as deposited \ 1/_—3 qin. 
diam rounded peening tool or a_ ball- 
peen hammer is suitable. Peening, prop- 
erly done, can be quite effective in reduc- 
tion of stresses, A 6- x 6- x '/>-in. joint, 
unpeened and unrestrained, exhibits con- 
siderable bowing. The same joint, suit- 
ably peened, can be completed with vir- 
tually no bowing. 


Preheating 


In noinstance should welding be done on 
cold castings, as might occur in unheated 
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areas in cold weather, and a preheat of at 
least 150-200° F should be applied unde: 
these conditions. Low-alloy Ductile [ron 
in the annealed condition may be welded 


without preheat in many instances. The 
higher the alloy content (and hardenabil- 
ity ) or the greater the restraint, the greater 
is the need for preheat. For a given com- 
position, as-cast material will be more apt 
to need preheat than annealed material 
In any event a preheat is never harmful, 
and is a good precaution to observe in or- 
der to minimize danger of fusion line 
eracking. Obviously the amount of metal 
to be deposited and the severity of sub- 
sequent service conditions of the weld- 
ment must be considered in deciding upon 
the use and the amount of preheat 
While a preheat of 300-350° F is often 
adequate, one of 550-600° F is preferred 
where high stresses are to be expected 
An added advantage of preheat is the 
greater facility of obtaining a good bead 
contour and «a good wash. 


Continuous Welding vs. Intermittent 


In welding of cast iron, intermittent 
welding is frequently used, a method in 
which 2 or 3 in. of weld are deposited, the 
bead allowed to cool until just warm to 
the touch, another short bead deposited, 
and so on. Using nickel-iron electrodes, 
this procedure is not usually employe fin 
welding either east iron or Ductile ‘ron 
Continuous welding is used, as in 1orma! 
welding practice, the heat imput cf the 
early passes serving to supply a moderate 
preheat. However, the bead sequence 
should still call for a staggering procedure 
to get reasonably uniform distribution of 
heat in all parts of the weldment 


Position Operability 


The particular niekel-iron electrode 
used is operable in vertical and overhead 
as well as in downhand positions.  Fig- 
ures 1-3 show - x 6- x 6-in. butt welds 
in all positions, partially completed so that 
the contour of intermediate passes may 
be seen. When operating out of position, 
a smaller eleetrode and lower amperages 
should be used than for flat welding, as is 
customarily the case in) welding other 
metals. For example, in Figs 2 and 3 a 
‘ein. electrode at about 105 amp was 
used, while the downhand weld was 
made with °/s-in. electrode at 135-140 
amp. A electrode, as used ins 
down-hand weld on '/>-in. plate, would 
be operated at about 110-115 amp. 


PROPERTIES OF NICKEL-IRON 
ARC-WELDED JOINTS 


The data shown below are averages of 
two groups of tests, based on standard 
0.505-in. and subsize 0.357-in. round ten- 
siles machined from butt welds in 
and '/-in. plate, respectively. Welds 
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Fig. 1 Flat butt weld in annealed 
-in. Ductile tron plate. Welded with 
nickel-iron electrode 


without preheat and with a 600° F preheat 
ire grouped together since no important 
differences were consistently — present 
The base plate contained about 3.30 ©, 
2.30 Si, 0.70 Ni, 0.35 Mn, 0.05 Mg, <0.05 
P. Welds were made with -in. diam 
nickel-iron electrodes at about 130-140 


imp, d-e, reverse polarity In the case of 
the welds in -in. plate, the welded 
joints were 6 x 6 x in. and in the 1l-in 


plate, 5x 10x lin \ double-vee, 70-deg 
included angle, a root gap and a 
copper backing were used, The welds 
were quite severely restrained with four 


C clamps and were unpeened 


Fig. 2) Vertical butt weld in -in. 


plate of annealed Ductile Lron using 
the nickel-iron electrode 


The data illustrate the value of welding 
the plate in the annealed (FHT) condition 
such joints exhibiting fairly good ductility 
without a postweld heat treatment The 
effect of the post we ld full anneal on Due 
tile Iron welded in the as-cast condition is 
of course marked, with respect to ductilit: 
\ 1275° F treatment applied directly to 
the as-welded joint without the prior 
1650° F treatment was also helpful and 
developed similar properties to the FHT 
specimens in the one set of tests made 

Figure 4 is a photograph ol a set ol 
tensile bars showing location of fracture 
and the properties obtained on the par 


ticular specimens illustrated 


Table 4—Average Mechanical Properties of Nickel-Iron Arc-Welded Joints 
in Ductile lron 


Plate Postweld, 

condition 
As-cast AW 
As-cast FHT 
As-cust ET 
Annealed FHT AW 
Annealed (FHT FHT 
Anaealed | FHT FT 


Yield 

strength Elonga- 

pst, O Tensile in 
offset enath, pst Ain 
56, 900 65,000 15 
15,000 63,800 10 
17,700 61,600 5 
14,500 60, 600 
$2,500 60 , 500 12 
14,700 60,700 13 


AW = as = welded FHT 


OcTORER 1953 


1650F-1-FC 


1275F-5-AC 
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3 Overhead butt weld in '/,-in. 
as-cast Ductile lron plate using the 
nickel-iron electrode 


HARDNESS OF NICKEL-IRON 
ARC-WELDED JOINTS 


The nickel-iron electrode deposits weld 
metal having a Vhn of abuut 160, in the 
absence ot pl ite dilution The as-welded 
hardness of the weld metal, when diluted 
with the ductile iron base metal, is well 
above this figure and varies considerably, 
depending on the extent ot dilution In 
general, the weld metal of a multilayer 
single-vee butt joint in -in, ductile iron 
plate will exhibit about 225 Vhn in the as- 
welded condition 

In single-layer welds, the weld hardness 
can be kept at a satisfactorily low level 
simply by use of moderately heavy beads 
For example, a light bead deposited upon 
a cast-iron plate, using a rather rapid 
speed of travel, may show hardnesses of 
the order of 350-380 Vhn due to excessive 
plate dilution sy depositing a substan- 
tially heavier (but not abnormally so) bead 
at the same amperage, using a slower weld- 
ng speed the increased ratio of electrode 
metal to base metal results in the much 
lower hardness range ol 180-225 Vhn 
Similar effects are experienced in ductile 
iron welding 

In operations where single-bead welds are 
to be made, the use of the so-called heavy- 
pass technique can be quite helpful where 


moderately low weld metal hardnesses are 
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desired. In multilayer welding, the tech- 
nique is not required for the above reason, 
but it has been found useful, especially 
in the root passes of the weld, in providing 
further insurance against weld hot cracking 
in welding heavy sections and is quite gen- 
erally employed 

Hardness traverses were made on a set 
of Duetile [ron joints produced with nickel- 
iron electrode on a Ductile Iron of the fol- 
lowing composition: 3.67 TC, 2.35 Si, 
0.23 Mn, 0.73 Ni, 0.055 Mg, <0.05 P and 
0.37 Cu. The results are summarized in 
the following tabulation: 


In addition to plate casting composition, 
it should be recognized that any factors 
affecting the cooling rate such as preheat, 
speed of welding, heat input during weld- 
ing, ete., will influence the HAZ hardness 
ranges. 


STRUCTURE OF NICKEL-IRON 
ARC WELDS IN DUCTILE IRON 


The weld structure contains graphite in 
an austenitic matrix, with some curbides 
cored Annealing 


co-present in areas 


treatments result in further rejection of 


Table 5—Condensed Hardness Data, Vhn (20 Kg) 


Test Sample 

I As-cast plate, as-welded 265 
2 Annealed plate, as-welded 173 
5 Welded joints, annealed 165 


Plate 


The high hardness shown for the maxi- 
mum in the heat-affected zone (HAZ) of 
tests | and 2 was obtained at the edge of 
fusion, and was confined to a very narrow 
zone. It reflects the presence of the ear- 
bide flash and martensite in this location, 
The maximum HAZ value for test condi- 
tion 3 is higher than might be expected 
after a postweld FHT anneal 
fication of the FHT heat treatment would 
be indieated for this heat of plates if fur- 


Some modi- 


ther softening were desired. However, 
both shaper and drilling and tapping op- 
erations showed no signs of difficulty in the 
heat-affeeted zone, suggesting the FHT 
treatment to have produced adequate 
softening. The 335 Vhn value of the 
table for test condition No. 3 represented 
an extremely narrow zone, the average 
HAZ hardness being of the order of 210 
Vhn 

The width figures shown in the table 
are of course approximate but reveal the 
somewhat narrower heat-affected zone of 
the as-welded joint made on annealed 
plate compared to that on as-cast plate, 
and the very narrow HAZ of the annealed 
joints 

The tabulation shown above represents 
a series of traverses on one lot of cast 
plates of the analysis shown. It is of 
course obvious that the ILAZ values of the 
as-welded joints will vary considerably 
with casting composition, Elements such 
as manganese and nickel will be expected 
to increase the extent and hardness of the 
heat-affeected zone while elements such as 
silicon will be expected to decrease weld 
hardenability. For example, a hardness 
survey on a welded joint made on an- 
nealed centrifugally cast Ductile [ron pipe 
containing 3.6 C, 2.7 Si, 0.3 Mn, 0.4 Ni 
and 0.05 Mg showed a maximum of 400 
Vhn in the heat-affected zone, and an 


average value of 340 Vhn in this area 
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HAZ 
Width, 

Weld Mar Avg in, 

227 750 $29 0 093 

220 605 49 0 063 

IS4 335 210 0 015 
Weld no. 4592 
Plate cond. As-cast 
Preheat None 
Postheat None 
Tensile strength, psi 71,500 


Yield strength, psi 59,750 
Elongation % in 2 in. 3 
PHT = 1675° F.—1 hr—FC to 1275—5 hr 


ferrite matrix with spheroidal graphite 
these spheroids are rather small and often 
quite closely spaced, interfering somewhat 
with obtaining of maximum ductility 


MACHINABILITY OF NICKEL-IRON 
ARC WELDS IN DUCTILE IRON 


In general, the weld metal offers no 
problem in machining, except possibly 
ander conditions of heavy plate dilution 
‘The ease of machining of the joint is 
rather, determined by the condition of the 
plate in the fusion zone and heat-affeeted 
zone. The structural characteristies giving 
rise to machining difficulties in this ares 
The carbide 


flash is quite narrow, usually 0.005-0.015 


have already been discussed 
in. in width. The over-all width of the 
heat-affected zone varies, but a width of 
the order of 0.10 in. is common 

It has been previously mentioned that 
the extent and hardness of the heat- 
affected zone in the as-welded joint is a 
funetion of both the plate composition, 


heat input and cooling rate following 


1696 1693 1697 
FHT As-east FHT 
None None None 
None FHT FHT 
63,500 63,500 59,750 
5,400 15,800 42,100 
10 13 


AC 


Figure 4 


graphite and decomposition of any iron 
enr- 
bide flash is always present at the frontier 


carbides which may be present 


of fusion, with the adjacent heat-affeeted 
zone of the cast Ductile [ron showing con- 
siderable martensite. In multiliver weld- 
ing, the heat of subsequent passes exerts 
an annealing effect adjacent to at least a 
This 


annealing effect serves to temper the mar- 


portion of the previous weld laver. 


tensite and, depending upon temperature, 
may also decompose some of the primary 
carbides, vielding ferrite and small spher- 
oids of graphite. 

After a full anneal of the welded joint, 
the heat-affeeted zone shows mainly a 
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welding. The higher the weld hardena- 
bility of the casting composition, and the 
faster the cooling rate, the greater will be 
the adverse effeet on machinability, other 
things being the same. It is also apparent 
that, in multilaver welding, some amelio- 
ration of the condition in this hard zone 
can be effected as a result of the tempering 
effect of succeeding passes 

In the following illustrations, which are 
based on shaper machining tests on 
thick ductile iron welded plate, containing 
about 3.60 TC, 2.40 Si, 0.30 Mn, 0.70 Ni, 
0.05 Mg and <0.05 P, some of the’factors 
influencing machinability will be demon- 
strated. 
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PLATE — ANNEALED 
PREHEAT — NONE 
POSTHEAT — NONE 


B PLATE ANNEALED 


PREHEAT — 600° F 


POSTHEAT — NONE 


PLATE — ANNEALED 


PREMEAT NONE 


POSTHEAT — FULL 
ANNE AL 


Fig. 5 


The type of machining test specimer 
used is shown in Fig. 5/, the specimen 
measuring 6 3.x being cut out of 
a6x6x '/s-in. welded joint 
The machining test was carried out in 


the shaper using the following condition 


Speed, strokes per minute 
Depth of cut, in 

Feed, in, per stroke 
Cutting tool bit: High-sp 


tex OF 


Keach cut was started at the end of the 


weld and continued until all but , in 
of the previous cut had been removed 
The first cut was a reference surface cut, 
sufficient to remove casting skin. The 
balance of the cuts were 0.050 in. deep 
The tool bit was resharpened before each 
cut except in the joints fully annealed 
after welding 

Figure 5A demonstrates the appreciab] 
better machining response of as-welded 
joints on annealed plate 
In the as-cast plate, Fig. 54, tool breal 


down frequently occurred even in making 


no cover pass 


a single cut. The joint on annealed plate, 
while still showing a hard zone, could be 
machined without too much = diffieult 

By using «a 600° F preheat and welding 
continuously, a substantial improvenent 
ean be obtained This is particularl 
innealed plate 
little difficult 


The ellect was 


noticeable in 
B vs 1 
in the heat-affeeted zone 


welding 
B showing very 


less noticeable in welds on as-cast plate 


since a pronounced hard zone persiste ! 
even with the preheat, but tool breakdow: 


was much less of a problem It «a full 
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Shaper machining tests on Ductile lron arc-welded joints 


or annealed phate or whether or not a pre 


ped without difficulty as may be seen in 


AS CAST Fig. 5/ 


PREHEAT — NONE 


Chere is some indication that relatively 
low tempering treatments can produce 


POSTHEAT — ANNEALING fairly good machinability 
WELD BEAD 


Figure 6 shows 


two sections from the same joint, one por- 


tion of which has been torch annealed for 


! it about 1000° F. The two 
euts on each sample are 0.050 and 0.100 
mn below the relerence surtace The 
beneficial effect of the brief torch anneal is 
apparent It would be expected that 
1275° F anneal (without the prior 1650° F 


PREHEAT — NONE treatment) might offer adequate machin- 


POSTHEAT — NONE ability for some operations 
The annealing cover pass technique can 


ilso be usefully employed, but it is best 
ipplied while the joint is still hot. Fig 
ure 5D shows a joint made by continuous 
welding, a full weave annealing cover pass 
being applied, confining the latter to the 
weld proper, without remelting parent 
metal. Flush welds (unless a postweld 
heat treatment Is used are apt to be troub 
lesome in subsequently making surtace 
cuts. A weld reinforcement applied as a 
cover pass not only strengthens the joint 
but also tempers the hard heat-affected 
zone occurring as i result of depositing 
the flush beads (Fig. 7 The value of 
using a tungsten carbide tipped tool is 
shown in Fig. 8, the ridge effect being much 


unneal (1650 + 1575° |} less pronounced when this type ol tool is 


welding, it seems to make little difference used 


is ipphled ifter 


“Summarizing the observations on ma 


chinabilt of welded joints Duetil 


whether the weld has been made on as-cast 


heat or other speci il ter hnique s have been h iper tests 


emploved. In machining the fully an ie higher the nickel and especially 


nealed joint, all the steps were cut without content, the higher will be 
resharpening of the tool bit (Fig. 5C \ veld hardenability and hence the 


hole was drilled at the interface and tap machinability in the hent 


PLATE — AS CAST 
PREHEAT — NONE 


POSTHEAT — TORCH 
ANNEAL 


COMPARABLE AREAS 


PLATE —AS CAST 


PREHEAT — NONE 
POSTHEAT — NONE 


Effect of a postweld torch anneal on the machinability of Ductile lron 
joints 


hig. 6 
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affected zone in as-welded joints. Other 
alloying elements which increase weld 
hardenability, if present, will also be ex- 
pected to decrease machinability in the 
heat-affeeted zone 

2. Joints made on plate annealed be- 
fore welding are more readily machined 
than those on as-cast material. 

3. A full anneal after welding may be 
expected to provide quite good machin- 
ability under wide variations of composi- 
tion, prior plate condition and welding 
procedure 

§. A relatively low temperature post- 
weld anneal at 1275° F will improve ma- 
chinability considerably, often to a satis- 
lnetory extent 

5. simple torch-applied postweld 
anneal at about 1000° F for 10-15 min 
('/-in. thick seetion) may provide ade- 
quate machinability for a number of op- 
erations 

6. When a measure of machinability is 
needed in the as-welded condition, and 
postweld treatments are not feasible, 
recourse to continuous welding, with a 
final cover pass, properly applied, may 
often suffice, when used conjunction 
with « suitably chosen casting composi- 
thon 

7. Carbide tipped tools offer advan- 
tages over tool steel bits, particularly 
where a substantial hard zone exists. 

8. Where a quite high degree of ma- 
chinability is a prime consideration, a 
full anneal should be given the welded 
Duetile ron casting, prior to machining. 

It is recognized that shaper operations 
are much Jess demanding than some 
of the other machining processes, such as 
lathe operations, for example, and the 
above observations must be considered 
specifically as applied to the former. It 
is reasonable to assume, however, that 
Ductile Iron joints made with nickel-iron 
electrodes and fully annealed after welding, 
should be readily machinable using most 
machining methods, including lathe work. 

However, the data developed in the 
shaper tests should be used, in general, 
for guidance, in indicating trends in a 
qualitative way. 


DISSIMILAR METAL JOINTS 


In most types of fabrication it is often 
necessary for joints to be made between 
different materials. So too with Duetile 
Iron, the necessity frequently arises for 
it to be joined to some other material. 
Such a joint is readily made by metal are 
welding using nickel-iron electrode, 

In Fig. 9 are shown welds wherein Duc- 
tile Tron is joined to each of five different 
materiais: mild steel, Type 316 stainless 
steel, Monel, nickel and Inconel. The 
welded joints were 6 x 6 x '/, in., each of 
these joints being made by continuous 
welding of annealed Ductile ron plate to 
the dissimilar metal. °/y-in. diam 
nickel-iron electrode was used at 135-140 
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| PLATE - AS CAST 
PREHEAT NONE 


POSTHEAT — ANNEALING 
WELD BEAD 


PLATE —AS CAST 


PREHEAT — NONE 


POSTHEAT — NONE 


Fig. 7 Machinability of reinforced weld vs. flush weld 


PLATE — AS CAST 
PREHEAT — NONE 
POSTHEAT — NONE 


Fig. 8 Tool steel vs. tungsten carbide tools for machining Ductile Iron, as-welded 


DUCTILE IRON’ 4 


DUCTILE IRON 


DUCTILE IRON 


Fig. 9 Joints between ' »-in. annealed Ductile Iron plate and other metals 
welded with nickel-iron electrodes 


Kihlgren, Waugh —Ductile Tron Tue WELDING JOURNAL 


| 

DUCTILE IRON MILD STEEL 
DUCTILE IRON 316 STAINLESS 

NICKEL 


Fig. 10 Ductile Iron-to-steel weld in 
Hydra fuge part made with nickel-iron 
electrode 


amp, the single-vee joint being completed 
with 4 passes and a sealing bead on the 
root side. Neither preheat nor postheat 
was employed for these welds. While 
the plates were quite severely restrained 
during welding, the resulting welds were 
free of any indications of crac king 

A great many applications involve the 
joining of Duetile Iron and steel 
In Fig. 10 is shown a Duetile Lron casting 
welded to a steel pipe This weldment is 
part ola Hydrafuge, a machine used in 
the pulp and paper industry. The weld 
abilitv of Duetile was an Important 
factor in its selection \ nickel-iron elec 
trode was used for this joint 

Another appli ation involving Ductile 
Iron welded to mild steel is illustrated in 
Fig. 11. Here is shown an hydraulic 
farm-loadet part where «a cold punched 
Ductile Iron clevis cap is joined to a mild 
steel tube 

To sum up the welding of Duetile Lron 
to steel, it can be said that joining these 
two materials by welding when using a 
nickel-iron electrode is even more easily 
accomplished than welding ductile iron 
to itself, since the heat-affected zone of the 
mild steel remains soft and can vield to 


relieve stress, while in the matched welds 
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a hard brittle zone exists on both sides of 


the joint in the as-welded condition. 


FIELD APPLICATIONS OF 
NICKEL-IRON ELECTRODE 


Large quantities of nickel-iron electrodes 
sold under several trade names have been 
consumed in welding gray iron castings, 
ind many case histories are available 
Due to the comparative newness of Due- 
tile Iron, the field experience with Ni-Rod 
> im the welding of this material Is, ol 
course, more limited, but a few applic Ne 
tions can be presented. Figure 12 shows 
t Ductile Tron serew for a dehydrator used 
The flutes ot 


this screw are regularly overlaid using 


in the paper mill industry 


nickel-iron electrodes, in order to obtain 
closer clearances in the serew housing and 
to cut down wear The leading face and 
the rim of the flutes are built up about 

'/,in., respectively, using «a 200° | 
preheat and continuous welding Welds 
ire peened with a round nose tool and a 
pneumatic hammer 

Figure 13 shows some lengths of cen 
trifugally cast Ductile Iron pipe welded in 
the annealed condition using nickel-iron 
electrodes As will be seen, failure o« 
curred in hydrostatic bursting tests at 
thout 5000-6000 psi through the pip 
wall, and « considerable distance from the 
weld 

Figures 10 and IL involving field ap 
plications where Ductile Iron to-stee] 
jomts are required have already been 


discussed and need no further comment 


METAL ARC WELDING WITH 
STEEL ELECTRODES 


Field experience involving welding of 
Ductile Iron with steel electrodes has been 
seanty, and weld cracking has generally 
been present The results of laboratory 
tests suggests that a mild steel eleetrode 
of the low-hydrogen type may be used 


under certain conditions. The limitations 


Fa 


Fig. Il) Duetile tron clevis cap, are 
welded to steel tubular part 


Which must be recognized in order to pro 
vic irensonable chance of SUCCESS “Te: 

| Castings should be relatively low in 
manganese and nickel. The maximum 
permissible levels have not been estab 
lished, but good results have been obtamed 
on plates containing less than about 0.30 
0.35 Mn and about 0.70 Ni 


2. Castings should be low in phospho 


Fig. 12) Ductile Tron screw with flutes overlaid using nickel-iron electrode 
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Fig. 13) Centrifugally cast Ductile Iron pipe, butt welded using nickel-iron 


electrode 


rus, at least below about 0.05°, and still 
lower if possible. This must be accom- 
plished by proper selection of raw materials, 

3. Castings must be in the fully an- 
nealed condition prior to welding. 

The tolerance for sulfur in the base 
composition has not been ascertained but 
magnesium-treated irons are customarily 
low in this element and it was not a factor 
of concern in the present studies 

Under the above conditions of comMpo- 
sition and heat treatment, butt-welded 
plates '/. x 6x Gin, have been successfully 
produced under moderate restraint both 
with and without a 600° F preheat 
However, eracking tendencies were ob- 
served in unpreheated welds in some in- 
stances, and the use of a 600° F preheat 
is advisable to provide a greater margin of 
safety. The commercial electrode used, 
though possessing quite good operating 
and slag characteristics on wrought steel, 
offers considerable difheulty with slag 
interference when applied to Ductile Lron 
Whether the behavior is characteristic of 
this class of electrode or applies to the 
particular one used has not been definitely 
determined, but it is believed that con- 
siderable variations can be expected in 
this respeet in electrodes of the low-hy- 
drogen type obtained from various sour- 
ces. Despite these operating difficulties, 
however, joints were successfully made on 
plate of the following composition: 3.68 
TC, 2.34 Si, 0.23 Mn, 0.73 Ni, 0.055 Mg, 

0.05 P, 0.005 5S balance Fe. Tensile 
tests on subsize 0.357-in. diam transverse 
tensile test specimens showed the following 
range of properties: 42/47,000 psi vield 
strength (0.2°, offset), 55/65,000 
tensile strength and 5-9°, elongation, 
In most instances, failure occurred near 
the plate-weld junction. 

Attempts to weld as-cast plate of pre- 
ferred composition were unsuccessful un- 
less a high (1000° F) preheat was used 
and even then the physical properties were 
medioere, Likewise, a Ductile [ron heat 
containing 1.6°) nickel and 0.70°, man- 
ganese exhibited weld cracking, occurring 
in this instance in the annealed as well as 
the as-cast condition. Duetile Iron con- 
taining 0.10°;, phosphorus, though readily 
welded with nickel-iron electrodes, yielded 
cracked welds using the steel electrode 
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The field of application of steel elec- 
trodes in welding Ductile [ron is obviously 
much more limited than with the nickel- 
iron type and under the optimum condi- 
tions for their use, some weld eracking 
hazards are still present. Whenever steel 
electrodes are used, suitable exploratory 
tests should be made to determine if the 
conditions of plate composition, heat 
treatment and the quality of weld re- 
quired will permit their use. It woul 
he expected that steel electrodes can be 
more readily used to join Duetile Tron to 
mild steel than to itself 


Part Il 


OTHER WELDING PROCESSES 


Ductile Iron can be welded successfully 
by other processes than metal are, some 
of which will be discussed in the ensuing 


sections 


ANNEALED 
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Fig. 14 Inert-gas metal-are weld using nickel-iron filler wire 


INERT-GAS-SHIELDED METAL- 
ARC WELDING 


This generic term is cumbersome and the 
process is more often designated by the 
trade names Aircomatic or Sigma. For 
convenience, it will be referred to in the 
discussion, somewhat inaccurately but 
briefly, as “inert metal are’’ and its coun- 
terpart with the nonconsumable electrode 
as “inert tungsten are.” 


Inert Metal Are: Nickel-Iron 
Filler Wire 


This method of welding is readily 
accomplished using a 60/40 type nickel 
iron filler wire. The wire is identical in 
composition with the core wire used in the 
nickel-iron electrode previously discussed 

Uneracked welds have been obtained 
readily in Ductile Iron of the preferred 
composition in sections up to | in. in thick- 
ness, without preheat or with preheats up 


Table 6 


60/40 Ni-Fe alloy 
0 045 in. 

$35 ipm 

170 amp, 


Filler wire 

Wire diameter 

Wire feed 

Welding current 

Polarity Reverse 

Backing Carbon block or copper 

Shielding gas argon 

Gas flow 20 to 40 efh 

Preheat None to 600° F (de 
pending on job 
higher preheats quite 
acceptable, but usu 
ally unnecessary 
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to 1000° F, using the inert-gas metal 
process 
In yo joints it to tl 
Ductile Tren, the conditions given in Ta 
Welds of quite good quatity can by 


eth is preferred to provide greater prote 
tlon against gas porosity There is sone 
indication that ai earbon-block backir 
gives better protection than a copper 
backing 
Figure 14 shows a butt-welded joint 
made without preheat on as-cast Duetil 
Iron plate ol preferred composition using 
the welding conditions tabulated above 
\ typieal cross section of such a weld 
ifter a postweld anneal FHT is depicted 
in the same figure Good results have 
been obtained both with a single-vee and 
double-vee or X-joint design. A number 
of joints were made on Ductile Tron plate 
contamimg 0.02, 0.06 and 0.104 phospho 
rus to examine the effect of this clement 
with no indications of weld or fusion 
zone cracking at any of the three levels 
Limited tensile test data Suggest that 
inert metal-are joints Ductile Tron 
made with preheats up to 600° FL using 
nickel-iron filler, may be somewhat in 
ferior mechanical properties to jomts 
metalare welded with nickel-iron ele: 
trodes. For example, a joint) 
plate, welded the as-cast condition 
using the welding procedure of Table 6 
ind subsequently given postweld full 
14,000 psi \ ield strength 
(.2%), 55,000 psi tensile strength and 64 


anneal Vit d 


( 
elongation. The average properties of 
Table 4 show about 64,000) psi tensile 
strength and 9% elongation for this con 
dition in) metal-are welds, with some 
individual tests in the latter falling to 
about 60,000 ps with 7% elongation 
Some tensile data were also obtained 
on inert metal-are welded jJomnts made on 
annealed plate of preferred composition 
using a 1000° F preheat and a 750° | 
postheat and slow cool immediately after 
welding The we lds were made on ¢ In 
thick annealed Ductile Tron plate. The 
uverage tensile test data obtained with 


the nickel-iron filler are shown below 


Table 7—Inert Metal-Are Welds,* 
Nickel-Iron Filler 


Elon 


Post Yield Tensile gation 
Weld, strength strength % wn 
HT 0.29, ysl in 
/ } 
\s-welded 14,750 62,500 5 
FHT 12, 400 2,700 17 


* 1000 ] preheat followed by slow 


cool from 750° F: annealed plate 


The strength properties are similar to 
those shown for unprehe ited metal-are 
welds in Table 4 and the elongations ap 


preciably higher 
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obtained with 20 efh gas flow, but 30-40 


\luch more test data are needed to 


lefine optimum welding procedures and 


to establish advantages and limitations 


he process llowever. the experi 
to Sugyests that resistance 


» weld and fusion line cracking 1s quite 
good using nickel-iron filler wire The 
wess holds 


here the production requirements merit 


Promise tor ipplications 


Inert-Gas-Shielded Tungsten- tre 
Welding: Nickel-lron Filler 


rhe response of Ductile Tron to inert 


tungsten are welding has been examined 
riefly employing nickel-iron filler, using 


the welding conditions given in Table 8 


lable 8 


Fungsten electrode ein, diam 
Shielding gas Argon 
flow 20 cth 


Welding current 220 amp, dc 
Polarity Straight 

Filler wire ein, diam 
Welded plate 6x 6x in 

No. of passes 2 weave 2 lapping 


Sufficient work has been done to indi 
ite that Duetile Tron of suitable compo 
‘ition for good weldability will respond 
juite we ll to this process Present infor 
mation suggests that the tensile properties 
of tungsten are welds made with nickel-iron 
filler are somewhat similar to those of the 
metal are welds made with nickel-iron 
Welded joints on in. thiek 
i--cnst plate containing 3.5 TC. 2.5 &. 
0.35 Mn, 0.70 Ni and <0.05 P yielded 
ihout 67,000 psi tensile strength with 1% 


ele trodes 


elongation the as-welded condition, 
ind about 61,000 psi tensile strength with 
8% elongation after a postweld annealing 
Welded joints on an 


nenled plate tested in the us-we lded eon 


heat treatment 


dition, gave about 62,000) psi tensile 
strength with 7% elongation 

The observations on the use of the two 
inert are processes are based on explora 
tory studies and much systematic infor 
mation is obviously needed to obtain a 
comprehensive view of the possibilitic 
ipplied to Ductile Tron 

More needs to be known as to limita 
thons ol plate composition conditions 
under which preheat should or must. be 
used, optimum conditions of welding 
eurrent, shielding ind mechanical 
properties of welded joints, How 
ever, the « xperience to date does indicate 
quite clearly that little difficulty should be 
encountered in obtaining welded joints 
quite resistant to weld and fusion zone 
cracking using both types of inert are weld 
ing, with 60/40 nickel-iron filler wire 

It is probable that economic considera 
tions will dictate the use of less « Ypensive 
oming Processes in Instances 


(of the two phases of the inert are process 
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Tron 


the onsuniiblie electrods type ts the more 


interesting, and may merit consideration 


for some types of fabrication welding, 
where producti conditions Warrant its 


ust 


SUBMERGED ARC WELDING OF 
DLCTILE TRON TO STEEL 


\ brief stud mide of this process in 
‘ il pplication calling 
or the u welding of Duetile 
Iron to steel, with the submerged are 
method specihed 

For laborator studies, the test weld 
emploved was a Teweld comprising a 
12 in. long by Gin. wide segment cut from 
som in. Wall Duetile [ron pipe for the 
ind a vertical leg of mild steel, 

in. thick | ihout 2 to Soin. high. 


This joint simulated the type ol weld and 
the section thickness involved in the actual 
fabrication, though stress conditions were, 
of course, less sever 

\ variety of nickel-iron or nickel 
chromium-iron alloys were examined, 
most of which were inucceptable either 
hbeeause of excessive weld porosity or 
pronounced weld or fusion zone cracking 
tendencies, or both 

Of the various filler wires tried, the one 
which gave the best results with respect 
to weld quality Wis i Type 310 stainless 
steel wire of commercial origin containing 
27.7 Cr, 21 Ni and The Ductile 
Iron casting contained 3.6 TC, 2.61 Si, 
0.30 Mn, 0.38 Ni, 0.096 P and 0.048 Mg 
Of the two proprietary melts examined, 
one designated “N’’ melt was found to be 
sutisiactor, 

Phe welding conditions found to give a 


good joint are listed in Table 9 


lable 9 


Ductile lron of low-weld hardenability, 
O.10 

Use annealed castings 

Filler wire, 25/20 stainless diam 

Flux, N-melt (proprietary flux 

Current, 400 amp 

Volt ige ACTOSS 

Polarit 

Speed of welding, 20 ipm 

Preheat, RT to 400° I 

Postheat, 850° | SC, applied 
mediately, while weldment is still warm 

Are directed more toward ductile iron 


member 


straight 


The immediate postheat treatment is 
considered important to minimize hazards 
of fusion line éracking Preheat did not 
seem important in the size of joint: made 
for lahborator but «a moderate 
preheat of about 400° F would probably 
be useful in fabrication, where welds would 
be subjected to higher stresses during 
velding 

Figure 15 show typu al joint, with 


ro ections bent with face and = root 
in tension Phe fact that mild steel was 


ol 
its consideration ‘ 
| 


hig. 15) Photos showing submerged are weld of Ductile lron to steel using 25-20 
Cr-Ni filler wire 


one member of the weldment undoubtedly 
lessened greatly the problem of avoiding 
fusion line cracking 

Preliminary welding tests by the fabri- 
cator interested In this job, made in ac- 
cordance with the welding procedure of 
Table 9, were reported to be satisfactory, 
but, as far as is known, no commercial 
seale operations have yet been attempted. 

While this process, as applied to Ductile 
Tron welding has obvious limitations, it 
offers some possibilities under proper 
conditions. Each potential application 
should, of course, be explored by trial 
welding tests, simulating the type of 
joint involved in the actual job 


SUMMARY 


An attempt has been made to review 
the response of Ductile Iron to a number 
of are-welding methods, including the 
metal are, the inert-gas-shielded are and 
the submerged-are welding processes 
Although not included in the scope of the 
present discussion which relates to are 
welding, reference should be made to the 
oxy-acetylene welding — process This 
method, employing cast ductile iron filler 
rod, is being used successfully by several 
foundries to weld ductile iron castings. 

On the basis of the present study, a few 
broad generalizations seem justified: 

1. Ductile Tren can be welded by most 
of the commonly employed fusion welding 
processes 

2. Ductile Lron should be welded in the 
fully annealed condition for maximum 
welding response although it can be welded 


successfully in the as-cast condition with 
suitable selection of casting composition 
and joining process and procedure. 

3. The lower the levels of those alloy- 
ing elements in the casting composition 
which increase weld hardenability, the 
better is the welding response and the less 
important is the need for preheat. 

1. Phosphorus has an adverse effect 
on weldability. A 0.10% maximum is 
permissible when welding with nickel- 
iron electrodes or filler wire A 0.05% 
maximum should be observed if mild 
steel electrodes are employed 

5. The following nominal composition 
responded well to welding using several 
processes: 3.60 TC, 2.40 Si, 0.30 Mn, 
0.70 Ni, <0.05 P, 0.05-0.08 Meg. 

6. Metal are welding with austenitic 
nickel-iron electrodes has been applied 
successfully to a fairly broad range of 
casting compositions in both the as-cast 
and annealed conditions, with and without 
preheat. 

7. Inert are welding with austenitic 
nickel-iron filler wire offers promise. 
Joints in Ductile Iron cast plate of preferred 
composition, welded in both the as-cast 
and annealed conditions were readily 
made in plate thicknesses up to Lin 

8. Ductile Iron may be joined to such 
dissimilar metals as mild steel, stainless 
steel, nickel, Monel and Inconel with 
austenitic nickel-iron electrodes 

9. One of the above joint combina- 
tions, Ductile Iron-to-mild steel, is fre- 
quently encountered in field applications. 
The joint is readily made and, in general, 
offers fewer hazards with respect to fusion 


line cracking than those in which ductile 
iron comprises both members of the weld- 
ment. 

10. Where machinability is a prime 
requisite, are-welded joints should 
fully annealed after welding (1650 
1275° F treatment ) 

11. In the as-welded condition, joint- 
on annealed plate are less troublesome to 
machine than those on as-cast plate 

12. Considerable improvement in the 
machining response of as-welded joints in 
castings of preferred composition for weld 
ing can be accomplished by special weld 
ing techniques and by brief torch annealing 
treatments, though machinability will! 
be inferior to that of fully annealed joints 

13. A 1275° F postweld heat treatment 
(without the 1650° F prior treatment) may 
provide an adequate improvement in 
machining response for some purposes 

14 Tungsten carbide tipped tools offer 
substantial advantages over tool steel 
bits where a hard heat-affected zone 
exists 

15. Low hydrogen-type mild stec! 
electrodes hold some promise for joining 
Ductile Iron, provided a low-alloy, low 
phosphorus casting composition is use | 
and the castings are welded in the fully 
annealed condition. 

16. Submerged are studies were con 
fined to joining of Ductile Tron to mild 
steel. The process may be useful for 
special applications but its field appears 
limited on the basis of present knowledge 

A great deal of systematic study is 
needed in all the above fields to evaluat: 
the advantages and limitations of the 
various are-welding processes, to establish 
preferred casting compositions for maxi- 
mum welding response and to develop im 
proved welding procedures. 

However, it is hoped that these observa 
tions and experiences will serve to demon- 
strate that Ductile Iron can be welded 
quite readily by several methods and 
will encourage further studies on the weld 
ing of this new engineering material 
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Advanced Automatic Flame Cutting 


Machinery Weldments 


® Development and utilization of chain flame cutting 
in the fabrication of weldments for power shovels 


by Howard B. Cary 


INTRODUCTION 


] ITHIN the last ten years the major 
Marion 


Power Shovels have been converted 


structural components of 


from castings and riveted structures to 
weldments. This change in design created 


Dany changes In our manulacturing 


processes. Primarily, our steel foundry 
was abolished and our structural fabricat 
ing shop and welding shop were revolu 
tionized. The Structural Shop was con 
verted from one processing a large tonnage 
ol hot-rolled shapes over SHWs, shears, 
punches, ete., to one processing an almost 
double amount of irregularly flame-cut, 
hot-rolled steel plate parts. Our struc- 
tural department, which includes flame 
eutting, employs about 8O men and 
processes approximately 1200) tons ol 
steel per month. A transition was made 
gradually in the flame-cutting section from 
semiautomatic burning machines following 
hand layouts, to template layouts and then 
to fully 
using aluminum strip templates. More 


automatic burning machines, 


recently, we have changed to large auto- 
matic machines using electronic eve tracer 
and finally to electronic eye chain burning 
This paper will be devoted to the develop- 
ment and utilization of chain flame cutting 


in our plant 


PREVIOUS FLAME-CUTTING 
PRACTICE 


All irregularly shaped plate items for 
our early weldments were cut with semi- 
automatic burning machines working te 
handmade layouts on the stee! plate 
Figure | shows the semiautomatic flame- 
cutting equipmentin use, Ata later date, 
layout templates were introduced and 


employed for repetitive parts. Their use 
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Fig. 1 


reduced hand layout time, increased 


accuracy, eliminated much human error 
and provided more efficient utilization of 
steel plate stock. We still use semiauto 
matic burning machines for cutting large, 
nonrepetitive plate parts and most parts 
made from structural shapes 

Qur company was among the first to use 
the double-carriage ty pe automatic shape 
cutting machines that were introduced in 
1920. These machines were equipped 
with tracing devices using strip-type 
templates. The templates were made of 
small aluminum strips formed to the 
proper shape and fastened to a sheet metal 
backing. At first these templates were 
made only lor fairly complex shapes or 
only for paris that were to be highly 
repetitive. Templates of this type had 
only one flame-cut part per template. As 
the number of weldments going into our 
shovels increased, we produced more parts 
on the automatic shape-ceutting machines 
ind finally added more double-carriage 
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Semiautomatic flame cutting to layout lines 


type machines Also, the templates be- 
came more complex and larger until we 
exceeded the cutting range of our largest 
machine, This was temporarily overcome 
by using templates that had to be shifted 
in position to complete the cuts An 
analysis of our cutting procedures revealed 
the following 

Automatic cutting was restricted 
because of inadequate cutting area of our 
machines 

2. Metal strip templates were ex 
pensive to produce 
5 Metal strip te mplates could not be 
constructed to produce certain desired 
purts 

1. Metal strip templates were difficult 
to alter difficult to store and = ensily 
damaged 

5. Our machine could not use multiple 
torches except on small parts 

These limitations plus the need to 
immediately increase flame-cutting pro 


duction capacity and the desire to reduce 


q ih 2 | 


the cost of flame-cut parts led to a 
thorough investigation of the new electric- 
eye tracing equipment. This investiga- 
tion, in turn, led to the eventual purchase 
of large-range, automatic flame-cutting 
machines equipped with electronic eye 


tracers 


ELECTRONIC EYE TRACING AND 
CUTTING 


The Electronic Tracing Device has been 
best deseribed by KR. O. Fish in’ the 
December 1950 issue of Tuts JourNnat, 
It is necessary only to mention in this 
paper that by means of optical, electronic 
and mechanical hookups, the device will 
automatically follow the intersection of a 
light colored and dark colored surface. 
The template needs only to provide a 
white outline on a dark background or 
vice-versa, The automatic flame-cutting 
machine provides for one or more torches 
that will follow the identical pattern as 
the tracing device 

Our first machine with the electronic 
tracer Was a pantograph type mounted on 
u stationary base (Oxygraph) that could 
cut a 52-in. eirele or a 41-in, square maxi- 
mum. It was equipped with four torches. 
Multiple torch operations cutting a multi- 
tude of identically shaped parts like those 
usually pictured in the advertisements did 
not fit our production sehedule. This 
type of cutting on our product, due to 
limited production of like models, could 
not keep the machine busy. Continuous 
or chain type burning seemed more logical 
for our operation, 

In Helmkamp and Yoch’s paper in the 
March 1949 issue of Tue WELDING 
JourNat, they mentioned the use of the 
electronic tracer to do continuous pro- 
duetion cutting of like or dissimilar pieces 
by making a continuous template with 
bril ting members to carry the cut along 
yet allow the pieces to be almost com- 
pletely severed. W. Springer’s 
paper in the February 1950 issue, reference 
was made to the use of internested tem- 
plates to use Up serap. These two refer- 
ences gave us the idea of combining or 
nesting on one template all parts of a 
particular plate thickness going into a 
given weldment. 


EXPERIMENTAL CHAIN BURNING 


The first test was on a small bracket 
used on one of our smaller machines. 
This shipper shaft bracket was designed 
entirely from */;-in. thick plate except for 
two heavy rough machined bosses. There 
are onty 13 plate items and the total 
weight of the completed weldment is about 
200 Ib. Figure 2 shows two of these com- 
pleted brackets. Our first machine 
equipped with the electronic eye is shown 
cutting plates for two of these weldments 
in Fig. 3. The template employed for 
these parts is better shown in Fig. 4. 
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The base or background material is black- 
tempered presdwood (Masonite) and the 
material for the outline is white pressure- 
sensitive (Scotch) tape. This template 
was our first attempt at combining on the 


one composite or multiple item template 


all parts going into a weldment. The 
large triangular shaped parts appear on the 
template four times even though they are 
identical in shape and the two different 
smaller triangular parts each appear four 
times even though they are identical, while 
the base plate appears only once. The 
white-colored tie bars or links connecting 
each piece together allow chain burning 


In cutting these pieces, we first pierced 
the plate with the tracer located at the 
small cirele shown inside the cutout in the 
base plate. The tracer then would be 
manually led into the first small triangular 
piece to the left of the piercing point The 
eye would “take over” control of the ma- 
chine as soon as the spot of light centered 
over the intersection of the black and 
white surfaces. It would automatically 
travel around the lower edge of the upper- 
right small triangular piece, up to the tie 
bar, down the next piece, up the slope 
along the bottom then across the tie 
to the third piece, along the bottom 


Fig. 2) Two shipper shaft bracket weldments 


Fig. 4. Template for chain-burning small brackets 
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Fig. 3) Oxygraph cutting parts for brackets 

; 
y 
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and then to the fourth piece. The eye 


would trace completely around it) and 
across the link to the 


It would go across the 


inner edge of 
the base plate 
top to the left, 


bottom to the right until it came to the 


down and across the 


tie strip. It would then go up and trace 
around the four lower triangular-shaped 
pieces, back across the tie strip to the in 
ner cut on the tie piece, down and back to 
the right, up the right end and across the 
top to the left to the link, along the top ol 


| 


the three triangular-shaped pieces until 


it reached its starting pot The torch 
or torches followed this identical path and 
flame cut the steel plate The cut would 
then be started on the outside edge of the 
base plate and it would continue until the 
base plate was cut around its outside edge 
ind also around all of the large triangular 
Thus 


we have cut out eight 


shaped preces without stopping 


small triangular 
shaped pieces and the inside of the base 
plate, except for the links holding all the 


These two ontinuou 


pieces together 
euts have thus produced ill of the plate 
items necessary to make this weldment 


If more than one toreh is used is Wii 


shown in Fig. 3, enough parts for severs 


shipper shaft brackets are produced 


Cutting the tie members to separate the 


parts did not prove to be a problen 


These were quickly burned with a hand 
torch and the desired parts separated from 


the resulting serap steel. Bevels were 


called for on two edges of the large trian 


gular parts. These bevels were cut on the 
blanks produced by the electron shape 
cutting machine in a secondary burning 


operation. Obviously beveled edges, re 
quired for full penetration weld joints, re 
quire d more time to produce than square 
cut edges. Thus, this first simple experi 
ment with chain burning proved highh 
successful and opened the way to more 
complicate d cutting 

selected for chain 


The next weldment 


burning was a small gear case and bracket 
weighing approximately 350 Ib shown in 
Fig. 5. This case was originally designed 
to be made from °/s-, and 7/s-in 
thick steel plate. 


the templates to produce plate parts for 


During construction of 


the weldment, it became apparent that it 
would be advantageous to keep the num 
ber of plate thicknesses to a minimum and 
thereby keep the number of te mplates to 
minimum. The parts requiring °/s-in 
thick and one 


This, 


sulted in a hidden saving, since less plate s 


plate were changed to */,in 
template was eliminated also, re- 
needed to be handled to produce the parts 
for the There 


other parts in the weldment made 


weldment were several 
from 
heavier material; however, since alu 
minum strip templates had been made and 
used before the acquisition of the electric 
eye equipment, it was decided to retain 
these templates and continue burning them 
Only 


on the double carriage machines 


two 7/<in. thick parts were employed in 
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Fig. 5 


produces 
ind the other 


the veldment one Was 
iwing off a round bar 
template | 


single part electric ey 


Gear box 


1 by 
by a 


t be 


ime apparent from m iking the te mplate s 


for parts for this weldment that our design 


engineers and industrial engineers 


thoroughly understand the 
process, we 


Minor 


ould climinate the nee 


ition of its capabilities 
wermng design ¢ 
the in. thiek parts and the parts 
thicker plate s could be changed to 

utting from the same thickness plate 


combined on one template 


must 


ch ith burr Wig 


ere toexpect maximum util 


d for 
trom 
illow 


ind 


weldment 


Phe two multiple templates necessary 
to produce plate parts for this 
veldment ar in Fig. 6. The lower 
composite t is for the in. thick 
part ind require i piece of steel LS8-in, 
rit, du Phe upper te mplate is for 
the in, thick part ind requires ut plate 
28 in. by 3 ft, 4 in None of the plate 
parts going into this weldment required 
beveling theretore, all flame cutting was 


completed after the tie bars were cut- 


Some of the parts required further processs 
ing in the Structural Shop but this wat 


the same whether the parts were chain cu 


Fig. 6 
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the 


with electron 


tracer or cut using 
machines working from 
layout lines. The floor-to-floor time to 
chain burn was about half of the combined 
layout and semiautomatic cutting time. 
Of course, if two torches were used, the 
time per set of material was almost cut in 


hall 


Another hidden cost savings was found 
\ complete eireuit of the tracing head 
around all parts on the template was as- 
sured by the very nature of the chain- 
burning process. This complete circuit 
always produced the correet number of 
parts required for the weldment resulting 
in automatic production control 


TRAVOGRAPHL INSTALLATION 


The cost saving potential of chain burn- 
ing of plate parts of the same thickness 
going into the same weldment became ap- 
parent after studying these two examplea, 
It was decided to purchase two of the 
largest sized flame-cutting machines so 
that we could make larger templates. The 
large pantograph machine mounted on a 
earriage (Travograph) and equipped with 
the electronic tracer was selected. This 
machine is capable of cutting an area 144 
in. wide and as long as necessary. A great 
deal of thought was devoted to engineering 
the installation to utilize the maximum 
capabilities of the machine combined with 
the desire of using large continuous chain- 
burning templates 

Our installation shown in Fig. 7 provided 
for two machines arranged so that each 
one could travel two-thirds the entire 
The cutting 
table is 146 in. wide and 86 ft long. It is 


length of the common track 


arranged in small sections which can be 
easily lifted out to allow for slag removal. 
A heavy retaining wall built on the track 
side of the cutting table is very helpful for 
properly locating steel plates and for re- 
ducing possible damage to the equipment. 
The tracing table, for locating the tem- 
plates, is approximately the same size as 
the cutting table. It is frame construc- 
tion mounted on concrete piers. The 
gus and eleetrical supply is brought to the 
machines overhead by means of pulleys 
riding on stretched wires 

The 144-in. width capacity of the ma- 
chine automatically limited two torch cut- 
ting to plate 72 in, wide, three toreh 
cutting to plate 48 in. wide and four torch 
We, there- 
fore, set up a primary requirement that 


cutting to 36-in. wide plate 


large templates would be based on 72-in. 
wide plates. It soon developed that this 
could not apply to all plates, since many 
frame weldments of our shovels required 
wider plates, also many small weldments 
did not have sufficient pieces of proper con- 
tour to filla 72-in. width without excessive 
waste. We, therefore, modified our re- 
quirement to allow 36-in. wide templates 
for the smaller weldments and templates 


up to 144 in. wide for the deck plates 
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Fig. 7 


on large frame weldments. Template 
lengths were according to the material 
required, 

We were able to standardize on 72-in. 
Universal Mill rolled plates 20 and 30 ft 
long for the majority of our requirements. 
This produced another hidden savings, 
since we had been purchasing many plates 
mill eut to odd dimensions, which added 
extra cost and limited their use to specific 
items. 

Another problem developed when it was 
found that the black Masonite could not 
be obtained in pieces larger than 48 in. 
by 12 ft. 
allow 4in, beyond the edge of a part to the 


In addition, it is necessary to 
edge of the Masonite. This is necessary, 
because the spot of light that traces around 
the edge of the template outline is sepa- 
rated from the driving wheel by almost 4 
in. It developed that a template to cut a 
72-in. wide plate needed to be 80 in. wide. 
This was obtained by using one piece 48 in. 


wide and one 32 in. wide. A special dowel 


Fig. 8 Details of making templates 
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Travograph installation 


plate was made to hold the various pieces 
of Masonite in proper alignment. The 
smaller sized pieces of Masonite were thus 
held together to obtain the required width 
and length of the large-sized multipiece 
templates. After completing the experi- 
mental chain burning and deciding on our 
basic principles, we began making large 
sized templates coneurrently with the in- 
stallation of the Travographs. 


TEMPLATE CONSTRUCTION 


Most of the template-making procedures 
were worked out during construction o! 
the first few multiple-piece chain-burning 
templates. The template makers, who 
were all experienced layout men familiar 
with flame cutting techniques, tried out 
different procedures and proved them in 
production before they were adopted. We 
were able through this cut-and-try method 
to establish standard practices for making 


electric eve templates. 
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Kig.9 Template storage racks 


Our first templates for the eve were full- 
-ize cutouts of white paper layed on a black 
background. This provides «satisfac 
tory template for single items However 
vith paper cutouts, it is necessary to cover 

with sheet of tr tisparent plastic mit 
terial We found that the plast te quickly 
vecame marred under the path of the trac 
ers driving wheel The roughened ren 
ean be polished out, but it was a time 
consuming operation \ harder plastic 
material that resisted the abrasive action 


roved to be too brittle for normal shop 


handling 

We made several single-item templates 
with white Seotch tape on black pre silwood 
\Iasonite and found that they could 
made in less time than the white paper cut 
outs. Figure 8 shows template makers at 
vork on a Masonite template We also 
found that it was not necessary to use the 
transparent plastic cover over this type of 
template provided that the Masonite 
backing material extended at least 4 in 
bevond the ive of the te mplate outline 
We, therefore, standardized on this type 
al template construction lor multiple-item 
ehain-burning templates as well as for 
single-part templates 

Since a template would always be used 
for cutting parts trom the same plate 
thickness, it seemed appropriate to show 
flame cutting procedure data on the tem- 
plate; therefore, cutting tip size, oxygen 
pressure, acetylene pressure and eutting 
speed appeared on each template us well 
is the template number, material size and 
specification and part numbers All cut- 
ting on the electronic eve equipment Is 
done with one type of tip; therefore, know- 
ing the material thickness and tip size, the 
template maker determines the flame-cut- 
ting kerf width and makes allowances in his 
luvouts The kerf allowance is thus built 
into the te mplate ana if the sper ified cut 
ting conditions are used the resulting steel 
parts are always identical In addition to 
the above mentioned information, the 
chain-burning templates usually show the 
starting point, travel direction, bevel lo- 
eations and template storage location 
The first lot of material cut from a new 
te mplate Is Inspects d and if found OK, the 
template 18 approved by the Inspection 
Department and so marked 

Multiple-item-chain burning templates 
ire not started until the template makers 
carefully study the complete weldment 
\t this stage, they may request design 
modifications or routing “hanges to allow 
more efficient templates. Elimination of 
plate thicknesses, change in part shape 


standardization of steel specifieation 


throughout the weldment and change in 


Fig. 11 Marion Type 372 1° \-cu-yd 
power shovel 
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Template carrier running between tracing table and template room 
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routing to allow complete processing in the 
Structural Shop are only a few of the many 
items considered before starting the tem- 
plate. The least number of templates per 
weldment and the minimum amount of 
serap per template is their objective. The 
template makers make every effort to 
efficiently nest the various parts in order 
to utilize all of the steel of the stock width 
plates. In order to minimize serap, they 
sometimes work with sealed-down cut- 
outs to find the best arrangement of parts. 
In chain burning, common cuts between 
pieces cannot be used. Also, we have 
found that it is not wise to use a plate edge 
for a side of a part. We have also stand- 
ardized on showing parts in multiple tem- 
plates the same number of times they 
ire required in the weldment. In cases 
where the same identical part is shown 
many times, this may be an unwise deci- 
sion, but for the vast majority of cases it 
is the most economical 

During our year and a half of making 
templates, we have made almost 2500 
Figure 0 shows the storage racks for these 
templates. We have not found any de- 
terioration of the templates during storage, 
except minor tape slippage when exposed 
to excessive heat. Template warpage has 
not been a problem. Efficient transpor- 
tation between the template-making de- 
partment and template table in the Struc- 
tural Department is accomplished by a 
monorail carrier, This template carrier 
is shown in Fig. 10. 


PRODUCTION CHAIN BURNING 


Our first goal was to make electric eye 
templates for all weldments on our Type 
372, a 1°/~yd power shovel shown in Fig. 
11. We were engaged in a contract to 
produce these machines in quantity and it 
seemed logical to start with the type being 
produced in volume. This machine had 
weldments for the crawler frames, the 
lower or truck frame, the upper or rotating 
frame, the shovel boom and most of the 
other smaller components. 

The lower frame weldment (bottom 
view) completely machined and ready for 
assembly is shown in Fig. 12. There are 
four different thicknesses of steel plate re- 
quired on this frame, i.e., °/s, 7/5, 1, in. 
in addition to rough machined bosses and 
hubs. All of the steel-plate flame-cut 
pieces required to build six of these frames 
are shown in Fig. 13. The long straight 
pieces shown in the foreground of the pie- 
ture do not require a template and are cut 
on a multiple-torch stripper, capable of 
inaking long straight, bevel or square cuts. 
The templates required for the top and 
hottom deck plates are shown on the trac- 
ing table during cutting operation in Fig. 
14. Each of these templates is for a single 
part and does not involve chain burning. 
This picture, also shows the splicing of two 
pieces of Masonite necessary to get the de- 
sired template width. Both deck plates 


962 
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are in, thick, 
deck plates are to be cut, two 72-in. by 


When top or bottom 


40-ft plates are laid side by side on the 
burning table. 
and then moved along the table until 
the entire 30-ft of plate is cut. Additional 
72-in. by 30-ft plates are used until the re- 
quired number of decks are obtained for 
the particular production order. The en- 
tire length of the plates is not always used 


The templates are traced 


since the cutting requirements and the 
plate length may not be the same. In 
these cases, a smaller template may be 
used or the excess plate length sent to a 
salvage area for later use 

The templates for producing the parts 
from °/s-, 7/s- and I-in. thick plate are 


shown in Fig. 15. The larger template 


Fig. 13 
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Fig. 12 Lower frame weldment (bottom view) 


Plate parts required for lower frame weldment 


illustrates the nesting of parts for maxi- 
mum plate utilization. This template wall 
eut 28 separate pieces from a plate 72 in 
by 7 ft 5in. In some cases, a part may 
appear four times, twice or only once, ac- 
cording to the number of times it is re- 
quired in the weldment. In any ease, a 
complete circuit of the tracing eye will 
produce all of the £/,-1n. parts required for 
the lower frame weldment. The upper- 
right multiple template produces all of 
the 7/s-in. plate parts; the upper-left tem- 
plate and the extreme left-hand template 
both, l-in. material. Two templates are 
used here because in one case the parts 
weld together in a subassembly and are 
machined before going into the main weld- 


ment. This is one of the factors that pro- 
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hibits us from realizing the full benefits 
of chain burning system requires 
that labor and material must be specifi 

lly charged toa part if the part requires 
processing in any department other than 
the Structural Department before it loses 
its identity in a weldment. This means 
that parts requiring «a machining or forging 
operation or parts that are subassembled 
ind machined before going into the major 
weldment cannot be on the same template 
with other parts of the same thickness 

increases the number ol templates 
required and decreases efficient steel plate 
utilization. We hope to overcome this 
proble min the near future 


CRAWLER FRAME 


A new crawler frame weldment, shown 

hig. 16, was designed specifically to 

e advantage of the capabilities of chain 
uurning. It was designed entirely from 
two thicknesses of steel plate and, in ad 
lition, eliminated two end castings The 
ht and left iwler frame weldments 
vere 1dentical, which provided for greates 
volume ot two torch utting pel produc tion 
run The weldment weighs about 3000 
Ib and is made of 26 pieces of l-in. ma 
d four pieces of 1'/yin. material 
Phe two idler roller bracket subassemblies 
m the top of the frame are made of lighter 
material howevel the pieces are all 
sheared, welded together and the assembly 


machined before it is welded to the finished 


Figure 17 shows the electronic templates 
necessary to make the plate steel parts 
or the rawler frame weldment The 


prece of the frame are on the large 


template template cuts a by 
72-in. stock sheet 15 ft 3 in. long into 22 
separate piece One complete circuit: of 


the tracing head cuts cight identical end 
nembers, four each of two different sizes 


of stiffeners, two vertical longitudinal mem- 


bers, two bottom longitudinal members 


ind two top members. The smaller of 


the separate templates is for 1'/ in thick 


; material while the other separate template 
hig. 15 Lower frame templates other than deck plates 


is for l-in. material, This smaller part is 
ona separate template because it is formed 
in the Forge Shop rather than in’ the 
Structural Shop. A number of the parts 
going into the weldment are hot-rolled bat 
stock sheared to length This frame illus 
trates the potential economies available 
with chain burning if the designer fully un 
derstands the process. This redesigned 
frame is heavier and stronger than its pred 
ecessor yet its cost is the same. Rede 
sign for chain burning rather than design 
modifications usually produce weldments 
that more fully realize the potential econ 


LCPPER FRAME 


The upper or rotating frame of this ma- 


Fig. 16 Crawler frame weldment chine, shown in Fig. 18 (bottom view), had 
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hig. Cutting lower-frame deck plates 
| 
| + 
we 


Fig. 17 


been a weldment for many years. The 
early design featured weight economy; 
however, modifications through the years 
introduced extra material thicknesses. 
The frame was completely reviewed to 
adapt it to chain burning and the variety 
of plate thicknesses was reduced from 12 to 
5. This provided additional cost savings, 
by reducing the number of plate thick- 
nesses procured and stocked. 

The upper frame weldment had by far 
the most pieces of any component in the 
There are 170 pieces cut from 


thick 


»-in, plate are the 


shovel, 


plate. Parts cut from ! 
most numerous; 
they completely fill one 72-in. by 3O-ft 


template and overflow to a 18-in. by 2-ft 


so many, in fact, that 


2'/-in, template. Figure 19 shows dou- 
ble toreh burning the '/:-in. plate from 
the template that carries 72 pieces. The 
machine has been traveling from left to 
right. It requires over eight hours of 
continuous burning to cut all these pieces. 
The parts are marked for identification 


Templates for chain-burning crawler frame 


After 
cutting the links, the serap is cut into 
small pieces to allow handling and is re- 


before the tie members are cut. 


moved, The production parts are then 


gathered up and removed to another area 


Fig. 19 Cutting upper frame 1 2-in. plate parts 
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for slagging and any subsequent opera- 
tions in the Structural Shop. 

We have experienced some difficulty 
with extremely smal] pieces nested among 
the larger ones. On this particular job, 
we leave some of the smaller pieces tied 
together until they are removed from the 
burning table. This has helped eliminate 
losing some of the smaller pieces. 

This frame is finally built in the Welding 
Shop from many subassemblies, some o! 
which have machining operations prior to 
welding into the frame. On this weld- 
ment, we did not follow the procedure out- 
lined for the lower frame, since the tem- 
plates ignored all subassemblies and put 
all parts of the same plate thickness on the 
same template without regard to assembly 
procedures. 
cient burning on the electronic eye equip- 
ment. 
sibility on the Structural and Welding 
Shops, since they must keep the time sepa- 


This allows much more effi- 


However, it places added respon- 


rate for these subassemblies and must 
sort out parts going into them, weld them 
up, have them machined and ready for the 
final frame weldment assembly. 


PRODUCTION CHAIN-BURNING 
PROBLEMS 


Our experience with chain burning dis- 
closed many problems unforeseen when 
we started. Engineering changes on « 
few parts of an established multiple-t ype 
chain-burning template can be trouble- 
some. When the geometry of a part is 
changed in any manner that does not in- 
volve interference with adjoining nested 
parts, it presents no problem; however, i! 
a part’s size is increased or the geometry 
changed so that interference occurs be- 
tween adjoining pieces, it requires shifting 
several parts. Engineering changes that 
require the part to be made of a different 
thickness, of course, mean that the part 
must be removed from one template and 
added to another. This type of change, 
fortunately, has been held to a minimum. 

Warpage during burning caused many 


problems. We found that some of the 
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parts would go out of square while burn- 
ing a multiple-type template. Investiga 
tion disclosed that the uneven shrinkage 
stresses due to heating and cooling caused 
excessive plastic flow in the tie bars holding 
the various parts together. This situation 
Wiis aggray ated, of course, W hen the second 
side of a tie bar was cut and the entire link 
became red hot This problem was solved 
In Inany cases by merely doubling the 
width of the tie member In a few cases, 
it was necessary to use two tie bars. It 
has also been necessary to rearrange the 
location of tie bars and reroute the tracing 
path. Warpage of long slender pleces 
Whenever 


the length to width ratio becomes too 


cannot be entirely overcome 


great, it is not practical to cut it on one 
side and then the other without getting a 
small amount of camber 

Another problem, briefly mentioned 
ubove, deals with nesting large and small 
pieces together indiscriminately on & large 
template. In a great many cases, the 
smaller pieces tend to become mixed with 
the cutouts and scrap and become lost 
On later templates, we have attempted to 
keep smaller preces together and some- 
what segregated from the larger ones; 
however, this cannot be carried too fat 
without sacrificing efficient plate utiliza- 
tion. 

Many of the parts in our weldments 
have round cutouts where a boss or hub 
is welded in and, in most cases, these 
joints require a bevel-type weld joint 
We originally cut out the opening with 
square edges on the electronic burners and 
then beveled the edge with a hand torch 
It developed that by leaving in a tie bar to 
locate the center of the cutout we could 
use the semiautomatic flame-cutting equip- 
ment equipped with a radius rod and 
bevel head and obtain a higher quality cut 
in less time. This procedure was adopted 
for all beveled round holes except the 
very small ones 

Tip deterioration during long continu- 
ous cuts 18 a problem It is our practice 
to carefully check and inspect tips before 
starting a long chain cut, also to imme 
diately stop the cut and clean the tips if 
any flame trouble develops. This is one 
of the reasons we employ two operators 


on our machines Another is that wavi- 


ness occurs in the thinner plates and in 
certain alloy plates during cutting. This 
requires constant tore h adjustment for 
high quality cutting. Plate riders do not 
seem practical to maintain proper tip to 
plate spacing for chain contour cutting 

Preventative maintenance is a must on 
the tracing equipment and the Travo- 
graph in order to maintain maximum out- 
put. Continuous chain burning for long 
ye riods of time and on three shifts squeezes 
vears of normal operation into i lew 
months 

Cleanliness is probably the next most 
Important item Templates, template 
table and carriage rails must be kept 
clean for trouble-free operation 


CONCLUSION 


We are very ple ised with the results ob 
tained with these complex flame-cutting 
templates for use with the electronic tracer 
Furthermore, we believe that our capital 
expenditure for the equipment and the in 
vestment in temp! ites has been justified 
The SaVIngs made possible by our elec- 
tronic chain-burning operation ean be 


briefly summarized as follows: 


feduced cost of steel plate items tor 

weldments due to: 

a) Elimination of most hand lay- 
outs 

4h) Automatic cutting is faster than 
manual or semiautomatic cut- 
ting 

Double, triple and quadruple 


torch « utting can be employed 


/) Complex parts can be cut as 
quickh 
‘ Iefficient 


of steel plates producing mani 


as simple ones 
consistent utilization 
mum parts and minimum 


rap 


2 Reduced cost of weldments due to 
a) Better fit-up resulting from con 
sistently accurate parts 
b) Reduced eycle time due to elimi 
nation of one major Oper ition 
i.e., layout. 
3. Improved flame cutting flexibility 
a) Enables us to automatically eut 
ntricate 


shapes not possible 


previously 


4b) Templates are quick and easy to 
prepare 
Templates are easy to alter or 
modity 
Templates are lightweight) and 
easy to store and maintain 


Flame-cutting equipment has 


large cutting area 
1. Intangible cost savings 
Standard size stock plates are 
used reducing raw plate nvet- 
tories and mill cutting extras 
b) Elimination of some plate thick- 
nesses With accompanying pro 
curement difficulties and inven 
tory problems 
Better material flow because tem 
plates provide a degree of pro- 
duction control 
In the very near future, we expect to 
have electronic templates for every weld- 
ment going into regular production of our 
standard line of machine Before con 
eluding, | would like to offer a challenge 
to manufacturers of flame-cutting equip 
ment and pressed-wood board 
1. Increase the width of the cutting 
range to [80 instead of 144in. This would 
enable twin torch operation on Wein 
plate which is the maximum width ob- 
tainable without paying width extras 


Provide automatic beveling on con- 


tour cuts keyed to the templates in such 
imanner that on edges requiring beveling 
the templates will be so marked and the 
torches will automatically cut the proper 
angle of bevel 

; Make pressed-wood hard board in 
larger sheet sizes to reduce template 


splicing 
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'usion Welding of Light-Gage Alloys 


® Design of suitable jigs and selection of proper welding proc- 
ess assure the successful welding of aircraft’ assemblies 


by J. 7. Maloney 


N THE design of atreraft aluminum-welded assem- 

blies, Engineering is constantly trying to keep the 

weight of the finished product to a minimum and 

still keep the strength of the assembly to the re- 
quirements. Therefore, the alloy or alloys called out 
for the job require higher tensile and fatigue values 
than most of the weaker alloys, such as 28 or 38. Be- 
cause of the alloying constituents that are necessary to 
bring the alloy to required strength, Production and 
Tooling have problems such as cracks and strains that 
occur during welding. Here very careful planning is 
necessary to determine how the parts are to be jigged 
and which welding process, either oxy-hydrogen or 
inert-gas metal-are welding, is to be used. Generally 
speaking, we try to use oxy-hydrogen welding on assem- 
blies where distortion can be easily controlled. This 
process is used by us on butt, standing edge or melt 
down welds where no filler metal is used; inert are 
welding is used on all lap, fillet and auto-machine welds. 

We have found that the cost of oxy-hydrogen weld- 
ing is considerably less than manual inert are welding 


for the following reasons 


1. The cost of the gas is much cheaper. 
2. The welding speed per minute is higher. 

Mlux can be used and the penetration or under- 
bead of the weld is much smoother and free 
from oxides which are present when the under 
bead of the weld is not protected. 

Most of the stampings used in the assemblies 
are drop hammer formed and are scribed to a 
template and trimmed to the seribe lines by 
saws or metal shears. Hence, the tooling 
cost is much cheaper than it would be if they 
had to be trimmed by a high-speed rotary 
cutter or machined, as is sometimes necessary 
in machine inert are welding. 

Because of the high amount of concentrated heat 
in inert are welding, distortion is a major 
problem necessitating expensive holding  fix- 
tures, such as backing bars and hold-down 


J. T. Maloney is Production Welding Foreman of the Rohr Aircraft Corp., 
Chula Vista, Calif 
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Fig. 1) Auxiliary wing-tip fuel tank 


fixtures which have to match the contour of the 
weldment to minimize distortion. 

6. The initial cost of the equipment and the main- 
tenance is much less than that of the manual 


inert are process. 


Figure | shows an Auxiliary Wing Tip Fuel Tank 
which Rohr Aireraft is manufacturing, for one of Lock- 
heed Aircraft’s current model patrol bombers. This 
is a 350-gal. capacity tank and attaches to the wing tips 
by two balls and sockets and a hook, which makes it 
an expendable tank. The nose is later covered by a 
plastic dome and contains radar or searchlight equip- 
ment. The tank consists of four major assemblies 
which are the top shell, bottom shell, tail assembly 
and well or tunnel assembly to which the tank is at- 
tached to the wing tip. It is almost entirely a welded 
assembly. 

The main body of the tank is made of 61SW and is 
assembled in this manner: Reinforcing bulkheads are 
resistance welded to the two half shells. The shells 
are given the initial forming on a stretch press in the 
8S. O. condition. They are solution heat treated and 
while still in the as-quenched condition, they are finish 
formed again in the stretch press, after which they are 
rough trimmed and have tooling holes drilled in them 
that are used for future indexing. The shells are lo- 
cated on the spot-weld jig which picks up the inside 
contour of the skin and the tooling holes. The bulk- 
heads are then resistance welded to the various station 
lines of the shell. The next step is to retrim the upper 
shell to match the well assembly, after which the two 
assemblies are joined in a weld jig, using the same 
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half shells are then trimmed for the longitudinal weld 


tooling holes that were originally put in two 


which joins them together. This is done by locating 
to the inside contour and trimming by a high-speed ro 
The two half shells are 
After the 


checked by the dye penetrant method in which a red 


tary cutter then joined by 


inert arc welding. welding, welds are all 
dye with a very low surface tension is applied to all of 
the outside weld beads. A white duplicating fluid is 
idence 


After the 


tank is completely assembled, it is pressure tested to 


later applied to the inside beads which give 


of any leaks by the dye leaking through 


5 psi per square inch and checked with soap suds. I 
filled 


which ts left for 4 hr before again checking 


there are no weld repairs, it with a solvent 
This, we 
feel, is necessary to assure that we have taken every 
precaution against leakage before it is finally accepted 
lor shipment 

Figure 2 is an illustration of one of the well or tunnel 


subassemblies. It consists of two drop hammer stamp- 


ings of 0.092 61SW> material These parts are 
scribed to a template and are trimmed to the seribe 
lines by means of a band saw The parts are then 
chemically cleaned by a solution of 0.38°, nitric acid 


03°, acid in water to remove all 


surface oxide 


and hydrofluori 
The weld jig is made of solid Kirksite 
and matches the inside contour of the parts This type 


of jig Is very as it can be reclaimed by re 


Two tull-length shims of 0.015-in 


Inexpensive 
melting aluminum 
are inserted upright underneath the skins lhe assem 
apart using 435 


The fitter 


bly is then tacked approximately 2 1) 
welding rod with oxy-hydrogen gas works 
the 


which is held to approximately in 


control 

This, 
is an ideal gap on this thickness as it keeps distortion and 
We believe that 
melting point of the 488 rod alloys the strains to be 


with welder using pry bars to the gap 


we fin 


cracking to a minimum the lower 


taken up in the weld metal istelf which is more ductile 
We have 
found that in welding 61S material with a 61S rod, the 
After 


the parts are tacked, they are taken out of the Jig and 


than the parent metal adjacent to the weld 


weld is more subject to cracking and distortion 


Fig. 2) Well or tunnel subassemblies 


Valone 
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Issembly weld jig of tunnel or well 


Fig. 3 


fluxed on both sides using one of the popular brands ol 
flux mixed with distilled water Welding speed is ap- 


proximately 6 ipm. This, of course, varies with dit 
\fter welding, a 


ferent operators emblies are de- 


fluxed in a solution of ulphurie acid water 


are ground out, 
the 


If repair is necessary, voids or pinhole 


wire brushed and repair is made by inert-gas 


shielded metal “ure process Usihg the original rod, 


Figure 3 illustrates the assembly weld jig of the tun- 
nel or well assembly. Since this assembly is the back- 
bone of the wing-tip tank, it is necessary to hold it toa 
very close tolerance to assure that it mates perfectly 
with the wing tip itself Phere are contour blocks set 
up on the various station lines to which the subassem- 
blies have to be Clamped rigidly to make sure there is 
14000 


little or no movement during the of welding 


that has to be done on this jig Che two center sec- 
tions are clamped in the jig, both from the inside and 
outside, and are butt welded both on the top and bot 

Then the top 
lded 


the assembly is hand 


tom, using the oxy-hvdrogen proce 


subassemblies are also using the 


After this is 


tO 


and bottom 


Process done 


cleaned on the outsice all flux Structural 


tees are then inserted into the bars that are slotted to 
receive them. These bars are clamped to the assembly 
and, like backing bars protect the weld area from the 
The welding is done by the inert-are welding 
transformer and argon gas. The 


This, we 


inside 
process UsInNg al 
average speed is approximately 100 ipm 
feel, is due to the fact that there is little or no chance 
for distortion between the structural tees and Stampings 
both are held 


The procedure and sequences used are ones that were 


because rigidly from top and bottom. 


picked up by trial and error but do give us an assembly 


that meets all the requirements. Since the jig is very 


Be 
‘ 4 
‘4 


Fig. 4 Joining of well assembly to half shell 


heavy, it is mounted on a trunion, counterbalanced 
and equipped with an air brake so it can be securely 
locked in any position with 360 deg radius, thus pro- 
viding easy access for both the metal fitter and welder. 
After they are welded, the structural tees, which are 
also of 0.092 in. thickness, 6185W material, have four 
jig-located tooling holes drilled in them for indexing in 
succeeding jigs. 

Figure 4 illustrates the joining of the well assem- 
bly to the half shell. ‘These assemblies have previously 
been trimmed by a high-speed rotary cutter which as- 
sures the proper gaps for welding. They are attached 
by means of tooling holes, drilled previously, assuring 
the proper relationship between each other. The shell 
is then clamped to keep down movement during weld- 
ing. As the half shell is 0.072 in. thick compared to 
0.092 in. of the well assembly, more distortion problems 
are encountered in the half shell. This is controlled by 
keeping the tacks to a minimum and welding, as much 
In this operation, the skill of 
It is up to him, 


us possible, free hand. 
the metal fitter is of great importance. 
by the use of pry bars, to keep the material spread out 
far enough so that there is no chance of overlap occur- 
ring due to shrinkage. Ordinarily, we do not recom- 
mend inert are welding for this type of work but, in 
this ease, there is no alternative because of the fact 
that some of the stiffeners which are resistance welded 


Fige.5 Jig for longitudinal welds which join two half shells 


OOS Maloney 
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to the shell in close proximity to the weld area are of 
248T. The amount of preheating required for oxy- 
hydrogen welding would cause a loss of corrosion resist- 
ance and possible loss of strength in the 248 material 

Figure 5 shows the jig used in making the two longi- 
tudinal welds which join the two half shells together 
Due to the fact that weld line is only I'/. in. from the 
well assembly, it took a great deal of skill and thought 
on the part of the Welding Engineer and Designer to 
build a set of backing bars that would accomplish their 
purposes and be removable from the tank after the 
welding was complete. It was finally decided that the 
bars could be no wider than 2 in. because they also had 
to clear the bulkheads in the upper half of the tank 
This meant the bars would have to be collapsible. This 
was accomplished by means of a screw-type eccentric 
which allowed the jig to collapse enough to clear the up- 
per bulkheads for removal. After the two shells are 
trimmed longitudinally. They are hand cleaned to 
remove any oil and wire brushed to remove any surface 
oxide. Then, they are clamped to the backing bar by 
clamps that pick up tooling holes in the bulkheads. 
There are two Cal-Rod units running the full length of 
the bars which are thermostatically controlled. These 
are set at 110° F, not for the preheat value, but to 
maintain an even temperature which insures even pene- 
tration. For the purpose of alignment and constant 
root opening, shims are inserted into the backing bar 
which has a '/j»-in. slot running the full length of the 
bar. There is also a */.-in. V-shaped groove running 
the whole length to allow for penetration. 

After the shells are assembled, they are inspected for 
gap and alignment and rolled into position. Figure 
(i shows the shells raised into position for welding. 
This is done by two hydraulie jacks —one located at 
each end of the jig. The upper part of the jig is re- 
cessed to receive the bottom so that when it is raised 
into position, there is perfect alignment between upper 
and lower fixture. After the skins are clamped in place 
from the top, the shims are removed from the backing 
bar in preparation for welding. The welding is accom- 
plished by the mechanized inert-are process using a non- 
consumable tungsten electrode with a automatic voltage 


tssembled shells raised in position for welding 


Fig. 6 
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7 Clamp- 

ing arrange- 

ment for hold- 

ing shells 

against backing 
bar 


The current is genera- 


control to regulate the are gap 


ted by an a-c transformer. The welding carriage is 
powered by a ° i-hp variable speed motor which 
parallel to the weld above the tank Due to the tear- 
drop design of the tank, it was necessary to make a 
floating tvpe head set on wheels which run on a cam 
hnult to the general contour of the tank. The wire is 

es, ID. IN-diameter, of 438 material and is run through a 
rod feed that has a series of straightening wheels. The 
rod is fed from 40 to 50 ipm and the welding speed is 
Sipm. The speed was set at this because we felt that, 
at this speed, the operator would have complete control 
in case of any trouble \t a higher speed, he would 
not be able to shut off the machine fast enough The 
shells are 0.072 in. thick in one area and 0.092 in. thick 
in the area of the well assembly. The welding is 
started at the area which is 0.072 in. thick and, there- 
lore, if Was necessary to get a quick increase in heat to 
offset: the heavier thickiress This was accomplished 
through a series of resistors which cut the amperage 


down 15 amp and then by-passes these resistors when 


hig. 8 Production line of wing-tip fuel tanks 


the heavier materials are reached \ switch at) the 
welding head makes this operation istantaneous 

The clamping arrangement is illustrated in Fig. 7 
There are two banks of 70 individual L-shaped clamps 
that hold the shells securely against the backing bar 
They are actuated by inflating the fire hoses and the 
banks are individually operated with a  spring-type 
retrieve As the weld is 8 ft long, the edges are gapped 
‘/ig in. at one end, The individual pressure on each 
clamp is 60 lb, which is just enough to hold the edges 
down vet allow the heat to pull the edges together, 
There are two 6- x 8-in. welding lenses mounted on the 
front and side of the head which allow the operator to 
observe the welding from any angle as the welding pro- 
gresses. ‘The amperage meter, heat and rod feed ad- 
justment are conveniently mounted on the front of 
the head within easy reach of the operator 

This production line of wing-tip tanks, shown in 
Fig. 8, is in itself a summary in that both oxy-hydrogen 
and inert are welding have a place in the welding of 
aluminum alloys. Each has its merits and also its 
disadvantages. But, combine the two and you have 
all the tools to fabricate a quality assembly out of any 
weldable aluminum alloy There tanks were our first 
experiment in the larger assemblies where a rejection 
would have meant the loss of a considerable amount of 
material and labor To date, some 400 of them have 
been manufactured including the proto type which 
There- 


fore, it is possible to fabricate any weldment by taking 


passed all tests as to performance and safety 


advantage of each welding method and, with proper 
tooling, design and produ tion “know how,” be able to 


Say, On completion that the job ix well done 
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I. INTRODUCTION 


CANDID review of the available metal 
| literature would quickly show that, 

in general, the light alloys seem to 
have been somewhat ne glected by metal- 
lurgical writers on this side of the Atlantic 
Ocean. Much has been published about 
ferrous alloys but very little about alu- 
minum and magnesium 

While it is true that in 1951 the annual 
production of aluminum in the USA was 
less than 8% of the total production of 
steel in this country, the total production 
of aluminum in America (without Canada ) 
was quite impressive (836,881 short tons!) 
as compared with the total Western Euro- 
pean (on the free side of the “Iron Cur- 
tain’) production (368,950 short tons!) 

In spite of this showing, the number of 
American research papers on light metals 
(particularly on the welding of aluminum ) 
is only a small fraction of those published 
in this field in Great Britain, France, 
Germany and Switzerland, This interest 
of the Old World in light alloys is probably 
due to the steel shortage which faces 
Kuropean countries, as demonstrated for 
instance by the interest shown by the 
British 
welded ship hulls 
that Russia, too, is making similar progress 
in the field of light alloys 

If aluminum is to occupy the place it 


Admiralty aluminum alloy 
It must be expected 


deserves in modern industry and everyday 
life, much more information is needed. 
Much fundamental research and develop- 
ment work must be done if light metal al- 
lovs, in general, and aluminum alloys, in 
particular, can achieve an equal stature 
with steel and cast iron in our industry 
In fact, there should be no competition 
between aluminum and ferrous alloys, 
because they are not substitutes for each 
other. The physical and plysical-chem- 
J. Koziarski is a Production Design Specialist of 
the Piasecki Helicopter Corp, Morton, Pa 
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ated with 


ical properties are so different that they 
should find rather parallel and not com- 
petitive applications 

It is true that aluminum and magne- 
sium alloys do not enjoy the benefits of 
centuries-old tradition and know-how 
available in the use of iron. Conse- 
quently, first of all, this tradition must be 
replaced with the conviction that although 
they are new-comers, the light alloys are 
at least as good and sometimes even bet- 
ter than the old-timer, iron. [It also seems 
that in the near future aluminum and 
magnesium alloys may face a true compet- 
itor, in the light allovs realm of aircraft. 
This is the new and very favored child of 
our modern technology: titanium 

The light metal industry must produce 
more aggressive activity in order to show 
the customer that its produets may find 
more and more application. This indus- 
try should not wait for the demand. On 
the contrary, it should create one. 

In recent years some progress in this 
country has been made. A few excellent 
research papers on weldability of alumi- 
num alloys have been published. This, 
however, should be considered only as a 
good beginning. More fundamental data 
and more development work are still 
needed. 

Aluminum would find much larger ap- 
plication in everyday life if the manufae- 
turing cost from this metal can be reduced. 
This, first of all, could be achieved by im- 
proving the weldability of high-strength 
aluminum alloys. Although it true 
that the pure or commercially pure alu- 
minum possesses excellent weldability, this 
is not true of aluminum alloys 

This brings up «a fundamental error 
which seems to prevail throughout the 
metal industry of the whole world. When 
a new alloy is created, it often becomes 
necessary to explore or improve its welda- 
bility. Would it not be better, in the case 
of an alloy intended for welding, to be con- 
ceived with this purpose instilled in it? It 
is also a fallacy to try to produce a uni- 
versal weldable alloy, ie., an alloy which 
would possess equally good weldability 
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9 A review of the available international literature 
and a discussion of some of the problems associ- 
the weldability of aluminum alloys 


Aluminum 


This is 


because the speed of physicochemical! re- 


whether in thick or thin sections 


actions and transformations among othe: 
factors depends on time; and time ol 
welding is longer for thick than for thin 
sections. This is equally true for light 
metal alloys as for other alloys as well 

It might be well at this point to mention 
that this is not a research paper but rather 
a review of the available international lit- 
erature and a discussion of some of the 
problems of weldability of aluminum al 
lovs which are of particular interest to 
the aireraft industry and with which the 
author has been concerned for over 20 
years 

Figure | gives some terms related to an 
aluminum alloy welded joint. These 
terms will be used in this work. 

Since the author has been chiefly con 
cerned with thin-gage alloy stock, as used 
in aircraft design, the following discussion 
will deal with aireraft gages of material 

Notes: (a) The Appendix contains etch- 
ing solutions as used for preparation o! 
this work and chemical composition ©! 
alloys discussed 

(6b) Etehing solutions are indicated by 
capitals preceding the magnifications of 
photographs. 


Il. PROBLEMS IN WELDABILITY 


By the term “weldability”’ one should 
understand not only the ability of a metal 
or alloy to produce an unseparable joint 
under heat but also to provide the re 
quired joint properties. Consequently 
an alloy may be weldable for decorative 
purposes but may not be for highly 
stressed parts. The weldability of an 
alloy may be satisfactory for statically 
loaded domestic utensils but may be 
inadequate tor dynamically loaded aircraft 


components, 


Foundry research may be of great 
help when studying weldability problems 
In fact, welding is a die-casting process on 
a miniature scale, Consequently, the 
student of weldability of aluminum alloy 
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TRANSITION 
ZONE 


FUSION ZONE 


ZONE OF PRECIPITATION 
ZONE OF 
GRAIN COARSEN 
AND 


OF RECRYSTALLIZATION 


MEAT- AFFECTED ZONE 
BASE METAL 


should not overlook the experience a 


ready gained in alumunun 


literature im the latter field is relative 
ibundant 


C'are should be taker however when 


interpreting casting results vith the 


thought of them to welding 


applying 
There exist large differences in miass, time 


ind temperature involved The mass in 


custing Is generally \pre assed in 


tons The 


pounds 
if not in time of reactions 
or transformations is relatively long and 
the temperature is stretly limited, con 
trolled and relatively uniform throughout 
the mass. In welding the opposite is true 
The involve d In renetions or trans 
minute 


formations may consist ol 


tions of an ounce, the time may be a trac 


tion of a second and temperatures: mia 


show hundreds of degree x difference in oa 


distance otf a fraction of an inch be 
vell con 
In weld 

extend from the boiling point o 


some 


sides, temperature cannot be as 
trolled in welding as in casting 
ing it ma 
the alloy to room temperature 
the ring test, so much preferred b 
workers, cannot be directly int 


his 
the ring solidifies as a whole and the weld 


research 


terpreted for welding is. because 


freezes progressively In summarizing, 
one may say that casting experience May 
be a help to better understanding of weld- 
ing but the final answer may be expected 
only from the actual welding 

\ student of weldability must always 
keep in mind that: 

(a The 
the base metal may he 
The latter may also be rolled 


truded, cold worked or heat treated C'on- 


weld metal is cast metal and 
cast or wrought 
forged, 

ntl he on ld 
sequently, In the majority of cases wek 


metal and base metal are structurally 
different and have different properties 
(b) The adjacent to the weld metal 
base metal undergoes some uncontrolled 
heat treatment caused by the secondary 
heat effect 
( There are 


some secondary « h iiges 


during welding, like mutual diffusion be 
tween weld and base metals ibsorption 


or release of gases, ete 
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Schematic cross section of an aluminum alloy weld 


(,00d weldalnalt of an allov would re 


juire weld nd parent metal properts 
is similar as possible and the least possible 
change due tos oma heat in the heat 


iffected zone 
When discussing the 


illoves the 


weldability prob 


lems of aluminum following 


should be taker Into snecount porosity 


cracking, Ccorrostol 


stre neth and phivesl i 


ind physical-chemical properties 


Hl. POROSITY* 
General 
Porosity is not a problem in weldabilit 


iluminum 


of pure or relative pure aluminum 


however, is not the ease with 


illovs In spite of quite voluminous lit 


erature published on the subject, espe 


cially in Europe, the causes and mecha 
nism Of porosit is far from being sufh 
ently explored \s usual, there exists 
some disagreement among research work 
ers especially in relation to the signifi 
eanee ol porosit to ph sienl prop ol 
the Wwe ke The iutheor is 
olan systemati work on the 


ol porosity on the resistance of the weld to 


corrosion 


2. Causes of Porosity 


Hydrogen seems to be widely wee pted 


primarily responsible lor por 


like nitro 


considered to have 


as being 


osits Other gases 
gen, oxygen, ete are 
insignificant, if any, influence on poros 
itv.? 18 

a) Solubility of Hydrogen. The 


bility of hydrogen in puré aluminum de 


solu 
pends on the temperature ind on. the 
and 


solubility of hydrogen 


phy sical state of the metal 
tansley? give the 


in pure aluminum as 0.05 cc/100 g at 


500° C and Parker® even as high as 100 

200 ce /100 g of alummum. The most 
* will be ntir 
¢ er pape entitled iH ger 

Acet Inert (jas in Welding A 

All 


l 
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Fig. 2) The solubility of hydrogen in 


the purealuminumat Latm hydrogen 
pressure 


complete data, however, have been given 
ind Neufeld! (Fig. 2 


As ma el tthe 


the 


olubility of hydro 
solid state 


geno pu 
is small suddenly increases 
n the molte netal and rises sharply with 
further increase emiperature It 
hould, howeve be emphasized that 
these values concern the olubilityv of hy 
drogen in p minum heated pure 
hydroqger atmosphere at I atm pressure 
Phi olubilit ‘ be increased as the 
pre ure re 
Sources of Hydrogen 
Hivdrogen in weld may come trom two 
ures 
From the alloy itself where it en 
ters during alloy fabrication and 
proce ne 
rom 
a Hidrogen from the Alloy The con 
lithe vhich affeet the hydrogen content 
i! th illo have idequately been de 


seribed by man tuthors 
h H | ogen tron 


Phe content of hydrogen which may enter 


Welding Operation 


in alloy during welding depends on 
Phe 


and the p riod of time 


temperature of the weld metal 
the metal is kept 
it the te mperature The higher the 
temperature and the longer the time pe 
riod the 
his may be 
welding 

2. Moisture 


ur It secme that the moisture con 


more hvdrogen one may expect 


correlated with the speed ol 


Irom the ambient 


ent of the welding place may have a con 


amount of poros 


ity in the weld Icastwood? states that in 


ummer time the atmosphere normally 


contains 6-7 gral of moisture per cubs 
> from flu 
puste 
Moisture trom the filler metal 


hoe = | 
The 
— 
_ 
sid 


5. Moisture from the combustion prod- 
ucts.” ' It should not be forgotten that 
one-third of the combustion products of 
the oxy-acetylene flame consists of water 
vapor and oxy-hydrogen flame yields even 
100% of water vapor 

6. Moisture from the hydrated oxide 
film.* 

7. Moisture from surface impurities * 
such as wet corrosion products, wet dirt 
or even from mechanically adherent water, 

8 Moisture from a wet inert gas. 


4. Mechanism of Porosity Formation 


(a) Aluminum, Magnesium, Caleium- 
Water Reaction 
and calcium (the latter being an impurity ) 


Aluminum, magnesium 


have a higher chemical affinity to oxy- 
gen than hydrogen to oxygen. Magne- 
sium reacts with oxygen or water practi 
eally at any temperature ranging trom 
room to magnesium boiling point and 
above 

The free energy of formation and the 
difference of the free energy between that 
of water and of aluminum, magnesium 
and calcium oxides decrease with increas- 
ing temperature.’ This may suggest 
that chemically the affinity of these metals 
to oxygen decreases and, cons quently, 
the reaction between water and aluminum, 
magnesium and calcium slows when the 
temperature inereases. The opposite, 
however, takes place. With rising tem- 
perature there is more atom mobility and 
the reaction proceeds progressively faster 

\ film, mainly composed of magnesium 
hydroxide, is formed on a fresh magnesium 
surface exposed to the atmosphere Al- 
though the reaction is very slow and self- 
stopping it suggests that magnesium de- 
composes water even at room tempera- 
ture." Also, a 0.082 strip of magnesium 
ribbon when placed in saturated steam 
at 350° F will be converted to magnesium 


Is 


hydroxide within an hour 


Fig. 3) Section of an overheated 528-O weld. 


eborall and Ransley? state that 

1. The water vapor-magnesium reac- 
tion between solids and liquids is very 
violent The metal blackens conse- 
quently, magnesium oxide is formed 
Large quantity of hydrogen is involved 

2 At 400° C the reaction is less vio- 
lent. 

de Brouckére’ found the following 
films on an Al~ 8% Mg alloy: 

1. At room temperature on abraded 
allov: a film less than 100 A thiek 

2. Alloy heated between 120 and 350 
(: « ervstalline ALO, film 

3. Alloy heated above 350° C: MgO 
film 

Progressively heated to 400°C: a 
duplex film: MgO superimposed on 

5. Melted and solidified: thick MgO 
film 

(b) The Actual Probable Mechanism of 
Porosity Formation. The mobilitv — of 
atoms increases as the temperature in- 
creases, It is probable that with increas- 
ing temperature ions of Mg® * and Ca im- 
purity migrate through the film to the sur- 
face and react with the atmospheric oxy- 
gen. If, however, the atmosphere is hu- 
mid or if flux aqueous paste is used, these 
elements react with water, vielding a high 
concentration of atomic hydrogen on the 
surface. The aluminum oxide film does 
not provide a sufficient barrier against 
magnesium ion penetration. The atomic 
hydrogen may exert a pressure equal to 


several hundred atmospheres’ * and prob- 
ably diffuses violently into the metal. This 
may create a concentration of hydrogen in 
the alloy much higher than indieated in 
Fig. 2. Hydrogen during cooling mi- 
grates from the solid phase toward the re- 
maining liquid) phase’ whieh, turn, 
gathers among the dendritic spaces.' 
When the liquid phase reaches the satura- 
tion point in hydrogen, the latter may 
either evolve toward the surface or precipi- 
tate in the molecular form. There must 


E, x5 


be «a violent) precipitation of molecular 
hydrogen, especially on grain boundaries 
(Fig. 3), when the liquid phase solidifies 
because of a sudden drop of hydrogen 
solubility at the solidification point (se 
Fig. 2 

Interdendritic voids or even cracks may 
be formed if the concentration of hydro 
gen is high enough. It should not be for 
gotten that the pressure of the precipitated 
molecular gas is much higher than that 
of the atomic gas. Ransley and Neufeld‘ 
assume the pressure in the pores at the 
time of their formation to be 1-1 
atmospheres 

When such solidified alloy is hot worked 
these voids may partly be welded and 
some hydrogen lost by effusion. How- 
ever, even these partly welded blowholes 
may be the place where newly diffused 
hydrogen, during subsequent processing 
(i.e., heat treatment or welding), may 
preferably precipitate 

Also, the concentration of hydrogen 
may be expected to be much higher than 
indicated by Fig. 2 in the solid heat 
affected zone of the weld due to this high 
atomic hydrogen pressure when water 
vapor is dissociated. When this high 
pressure is removed, the dissolved atomic 
hydrogen may precipitate in the molecular 
form, preferably Into any voids or inter 
crystalline or interstitial discontinuities 

Vagne sium Content and Porosity 
In the case of aluminum-magnesium al- 
loys the proportion of void area to total 
area increases with the increase of mag 
nesium content.?-* 2) This has also 
been confirmed by the suthor’s experi 
ments. The amount of voids and welded 
light-gage sheet increases in the following 
sequence; 28, 61S, 248, 528. One may 
easily check that these alloys contain 0, | 
1.5 and 2.5%, respectively, of magnesium 

(d) Impurities Content and Porosity 
Some Impurities also to increase 
porosity. This especially has been con 


Oxy-hydrogen weld, 528 filler metal. (Upper) Weld metal. (Lower) Fig. 4 Typical porosity in an overheated weld. BE. «© 75 
Base metal. Note the distinctly visible fusion zone, a heavy high- 


temperature crack and weld metal porosity (primarily on dendritic 


pundaries). 
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Onxy-hy drogen weld, 525 filler metal. (Left) Weld metal. (Right) 
ase metal. Note practically no porosity in the fusion zone. 
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firmed in relation to caletum.* * The surtace Also, gas has a natural tendency 
wetion of is probabl similar to to diffuse toward the surtace 


f) Inert Gas Welding. Although weld 


that of magnesium 


p Initial Gae in the Allou Not Nec metal porosity in corrected gas welding is 
a jtoB le Formation Liddiard states generally ibsent if is veryé often present 
that the initial presence of gas in the metal in inert gas welding (Figs. 5 and 35). This 
is not essential to produce voids during is probably due to the lack of protection 
processing involving heat. He says that iwainst gas given by the flux in gas welding 
Al-Mg sheet originally without gas, cov it the root sid 
ered with flux and heated until the flux is 
partial hig. Porosity in an inert-gas-weld 6. Heat- iffected Zone Porosity 
If the flux was dry this would indicate 
metal, 
. hat presently used fluxes do not provide (Left) 61 S<T6 alloy boss. (Right) 528-0 a Gene Heat-affected zone po- 
sufficient protection against atom hy alloy sheet. 525 filler metal. Note porosity at rosit Dhlistering nd swelling are tre ited 
drogen penetration together because it is believed that they 
Nott Some authors* state that ilhave a common cause gas Blisterimy 
- traces of hydrofluoric reid in the is a Superficl il porosity which breaks the 
itmosphere prevent the formation of po surface because ‘ol the increased gas pres 
rosits ure during Swelling ilmost 
ilwa LCCOU porosity in gas welding 
5. Weld Metal Porosity ind it has seldom been observed (ly the 
withor) in inert g welding However 
a Porosity [s the Function of Hudroaen sometimes there is a swelling without the 
Concentration This seems to be obvious ipparent presence of porosity (see Big. 34 
Ransley and Neufeld’ indicate that this middlk pecimen Apparent’ is em 
function is linear at least for sand cast com phasized, because porosity may be of such 
mercially pure aluminum. They further i fine nature that normal microscopic mag 
state that 1 eu em of porosity is produced nification may not deteet it or it may be 
Vv O46 eu em of hvdrog noat room tem ontused vitt heavier gram boundarn 
perature o1 ineresase mn porosit cor precipitatior 
responds to 0.46 cu em) 100 g inerease ot } VWechar Porosity Some au 
hvdrogen content Besides, porosity does thors blame initial gas content of the alloy 
not appear in sand cast commercially pure or porosit Other however, do not 
tluminum until the gas concentration wree with this theor Liddiard® 
reaches 0.12 cu em, 100 g Phe difference even States that initial gas content is not 
between the equilibrium solubalit und necessary to produce porosity 
the actual gas content obvious! stuvs 


General mechanism of porosity seenie 


in the supersaturated solid solution 
to be the following When an allov ts 


h) Overheating a Governing Facto 
: solidified there is some amount (depending 


Disregarding accidental blowholes, — it 4 
on alloy content and speed of solidition 


seems that porosity in the weld metal 1s 
tion) of higher melting point compounds 


present only when the alloy has been over Fig. 6 Heat-affected zone porosity, th 
heated. slowly welded or rewelded.’ blistering and swelling. or precipitate on 
grain (or dendritic) boundaries 
igure 3 and hig (left) show such an 528-0 alloy sheet, 528 filler metal. pper) 
Ox, -hydrog weld (Middle) Oxy-acetylene During hot and cold working these pre 
overheated weld made on 528-0) alloy well 
anwer nert-gas (argon) we cipitates are elor gated broken into small 
with 52S filler metal Phere are two 
fragments ind irranged into string 
orts of porosity globular and angu 
ers These ragments tay produce 
ir, With the former being predominant ; 
se whieh gu precipil ites 


The former seems to be formed high above 
his gas may come trom the tlloy itsell or 


solidus and the latter one at or just above k 
from during welding Hlowe ver 
<olidus t 
it seems that precipital ire HOt 
(c) Filler Metal { Source of Hydro ; 
for occurrence ol porosit Any other 


ven, The filler metal may i source 
discontinuities and even grain boundaries 


hvdroge n and consequentl ol porosit 
mia uch Some published pho 
especially if not properly cleaned betore 
id tographs.” und Figs. 3, 4, 6-8 suggest 
welding 
that the heat-atfected zone porosity Is 
(rt) L quidus-Solidus Range 
rather arranged at random course 


wood? states that the higher the liquidus 
re inv new hydrogen diffused during welding 


solidus range the more porosity the alloy 3 ; 
will preferably precipitate in already exist 


contains This is because the higher the 
ing voids or blowholes or in some other 


rang the longer thy solidification lasts 
discontinuities or even on the grain bound 
and consequently the larger uid =the 
, iries and increase the internal pressure 
more complex the primary dendrites are 
(Fig. 8) 


As a result, more gas is trapped in between 
the dendritic branches c) Blistering Some authors have re 
ported blistering only on the root side of 


(e) Porosity Concentrate Toward the 
t others on both sides.’ 
Surface Blowholes grow in size and are he weld n both side Phe 
or’s eX s blis 
more numerous toward the surface of the . iuthor expertel howevet how hi 
weld This also seems to be simple as Kig. 7 Weld metal and heat-affected tering present only on the face side of the 
ity. t+ E, 100 gs. 6 nd 33 
the surface of the weld is the hottest and zone porosity. D + E : joint (see Figs. 6, ¢ and 35) 
conseque ntly. dissolves a higher amount Clad 248-13 alloy sheet, oxy-hydrogen weld, d) {mount of Porosity The amount 
245 filler Note absence of porosity in 
of gas than the alloy farther from its the cladding and in the fusion zone. of porosit lepends on a few Tactors 
, 
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hig. & Detail tfrom big. 7 at higher 
magnification. D+ 300 
Note the location of the blowholes on the 
erain boundaries, their irregular shape and a 
alobular blew hole inside the grain. No poros- 
ity in the fusion zone 


1. Thiekness of the Welded Part 
The thicker the part the more porosity 
will be present, all other conditions being 
the same.* This is because thicker 
parts require slower welding and, conse 
quently, gas has more time to diffuse and 
fo precipitate 

2 Magnesium Content. The more 
the magnesium and alloy contains the 
more porosity will be produced during 
welding.® 

3. Speed of Welding. The higher the 
speed of welding the less porosity is pro- 
duced* [t also partly explains why po 
rosity occurs in a decreasing amount in 
oxy-hyvdrogen, oxy-acetvlene and inert 
gus welding. Rewelding (eg. during 
repair) or when welds also 
produces increased porosity"! Figure 3 
shows « plane section of the weld erack 
from Fig. 2 This weld was very strongly 
overheated due to the junetion of two 
heavy welds and slow welding 

(e) Location of Porosity. This au- 
thor’s experience shows that the porosity 
is mainly located in the heat-affeeted 
zone and, so far, has not been spotted in 
the fusion zone itself (see Figs. 3, 4, 
7, S and 9). Even when particular 
spot of the fusion zone seems to con- 
tain porosity, the higher magnification 
shows that this is not so (Fig. 9). Po- 


an 
= 


nvone. (Left) 
eracks. (Middle) Fusion zone. (Right) Weld 
metal porosity and segregation. 


rosity in the oxy-hydrogen weld (Fig. 
6) appears to be the heaviest at the sur- 
face and on the face side of the weld and 
seems to produce blistering and swelling 

In the case of the oxy-acetylene weld 
porosity is rather confined to the center 
of the specimen and, although it pro- 


duces swelling, it does not give blistering 


(Fig. 6). This seems to be confirmed 
by photographs by Erdmann-Jesnitzer!! 
and up to some extent by Pendleton.* 
Inert gas weld shows sometimes some 


light swelling but does not, at least in 
the author's experience, show blistering 
ind heavy porosity This general trend 
has been observed by the author in welding 
of thin gage clad 248-T3, 248-T3, 528-0 
and 61S-T6 alloys. 

However, does the obvious absence of 
porosity or microporosity in the heat- 
affected zone of an inert gas weld mean 
that the weld is porosity free? The au- 
thor’s limited experience with corrosion 
of such welds seems to give a negative 
answer to this question. 

(f) Shape of Porosity Voids. Only 
porosity voids close to the surface (see 
Figs. 6 and 7) or those inside the grains 
(see Fig. 8) in a normal weld or those in 
overheated welds have more or less regular 
globular shape. This porosity is prob- 
ably formed either at a higher tempera- 
ture or where there was little resistance to 
perfect void formation. Other porosity 
voids have either an irregular-angular form 
(Figs. 7 and &) or even the form of 
heavy cracks (Fig 4). The former is 
created in the grain interfaces (Fig. 8) 
or other discontinuities and the latter 
produces grain separation and may be 
found only in the overheated welds (Fig 
4). 


7. How to tvoid Porosity 


Porosity may be avoided or decreased 
in intensity during allov manufacturing 
or during welding. The available liter- 
ature? clearly indicates how to 
avoid porosity during an alloy fabrica- 
tion, 

There may exist another possibility of 
decreasing the free gas content as suggested 
by the author in relation to decreasing 
crack sensitivity in welded steels,?! namely 
the addition of rare earths. Some rare 
earth elements like Lanthanum, Cerium 
and Praseodymium may dissolve a very 
high amount of hydrogen and, what is 
even more interesting, this solubility in- 
creases with decreasing temperature.** 

During Welding. (1) Use clean and 
diy sheets and filler metal.’ (2) Avoid 
welding in a humid place. (3) Weld 
as fast as possible.® ' (4) Avoid the 


use of flux paste made with water 


8. Significance of Porosity 


Some authors seem to neglect or to 
minimize the consequence of porosity. 
Others, however, 13 are of the 


ion that porosity decreases strength prop- 


erties of the weld and especially its dus 
tilitv. * Impaet and fatigue are also ad 
versely affected 


(a) Static Strength Pendletom Stite 


that the tensile stre ngth of i weld decreases 


{ nal 


with increasing thickness of a plate 
With inereasing porosity Phe 
strength and elongation also suffer 


b) Impact. Impact strength decrease 


with increasing Porosity 

(e) Fatique Eastwood? indicates that 
fatigue is verv adversely affected by po- 
rosity This has to be expect d especi ill 
in the case of bending fatigue. The 


strength of the outer fiber is decreased | 

the notch effect produced by blistering 
On the other hand the gas pressure insick 
POrosits voids may also decrease the er 
durance limit. 

(d) Cracking, The author is of the 
opinion that gas pressure, especially a 
the moment of porosity formation, i 
creases the erack sensitivity of an allo 

(e) Tightness From the tightness 
point of view globular porosity is not as 
bad as angular.? The heat-affeeted zone 
porosity, shown in Fig. 4 which represents 
a plane section of the crack from Fig. 24 
showed lack of tightness when tested with 
dye penetrant but not with fluorescent 
penetrant. The lack of tightness is especi- 
ally disadvantageous in reservoirs." 

(f) Corrosion. There is evidence that 
porosity adversely affects resistance to 
corrosion This problem will be dealt 


with in more details in Section VI 


IV. CRACKING 
General 


It is easy to become confused when read- 
ing papers on the crack sensitivity of alu- 
minum alloys, sinee often the authors fai 
to make clear whether they are discussing 
cracking of the weld metal or of base metal 
There is an apparent disagreement or con- 
tradietion when an author states in one 
place that the crack sensitivity of an alloy 
is greater with increasing and in another 
with decreasing alloy content. The au 
thors concerned were right in both cases, 
only on one occasion they spoke about the 
heat-affected zone or subsolidus weld 
metal cracking and, in another, about weld 
metal cracking. Other authors want to 
differentiate between a shrinkage cavity 
and a crack, Well, for all practical pur- 
poses in the case of welding, both are 
cracks, except that they occur at different 
temperature levels and by a different 
mechanism, There is also some tendency 
to generalize test results. It should, how 
ever, be borne in mind that there is not 
and cannot be a universal alloy which 
would give good results in welding of both 
thin and thick sections. The service ap 
plication of an alloy must also be taken 
into account, An alloy may be good for 
one application and completely unsuitall: 


for another, 
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; hig. 9 Fusion sone of an overheated 
oxy-hydrogen weld 5258-0 alloy sheet 
(528 filler metal). D + 300 
: Note absence of porosity or cracking in the PY 
= 


2. Causes of Cracking 


\ crack is produced because an interna 
stress is created which may be due either 
to the decrease of volume of a cooled allo 
as a Whole, or to differential shrinkage o 
Its particular phases or to the increased 
internal pressure of precipitated gases 

It seems that gases ure not given sul 
ficient attention in weld cracking Some 
research workers even state that there ts 
no correlation between porosit y and erack 
ing This should rather be stated im the 
following manner It does not mean that 
gas does not help in producing cracking 
il there Is ho porosity around i crack 
(jas pressure may be present in an alloy 
even if there is no apparent porosity visible 
under the microscope. The porosity may 
be submicroscopic or it may be confused 


with the alloy constituents 


3. Weld Metal Cracking 


(a) Vechanism of Cracking In order 
to understand the present theor ot the 
mechanism of cracking one must see how 
an alloy is solidifying. For this purpose 
let us consider a hypothe tical binary alloy 
system A-B with boundary solutions a and 
8 and an eutectic (Fig. 10). Let us further 
take an allov containing % ol the metal 
3 An alloy containing «% of the metal 
B would solidify in such a manner that its 
liquid phase concentration in B would fol 
low a, ¢, e (liquidus) and the solid phase 
4, d, f (solidus) provided the soliditteatior 
tukes place in a condition of perfeet equi 
librium, The solidification of this allo 
would end at f at a temperature f Phi 


first nuclea of grains appear when the line 


sects liquidus Che grains during solidi 
fication would develop from nuclea inte 
dendrites These dendrites would pro 


gressively develop branches which inter 


mesh Among the branches liquid phase 
ind impurities might be trapped As the 
dendrites shri luring cooling and, where 
there is not enough liquid to “heal the 

might separate, producing “hot tears’” or 
hot CTACKS French researchers eal 


the temperature interval at which this 


racking occurs “Intervalle de Fragilité 
haud The Interval of Hot Britth 
ness * This hot tearing under equi 


librium conditions should be the most se 
vere in an alloy of the composition 2 Le 
when the liquidus-solidus temperature in 
terval and, conse quently, the solidification 
riod is the largest This would be be 
cause the dendrites would have the maxi- 
mum time to grow and shrink 

This ideal equilibrium — solidification 
however never takes place in practice 
The diffusion of the metal B into grains 
which ippear at bh, d, ete., is slow As a 
result the centers of grains are richer in 
metal A and the peripheries are richer 
in metal B. This phenomena is called 
coring As a further result of this, the 
liquid phase is not in equilibrium with the 
solid and contain more and more metal 
B and the me composition of the solid 
phase does not follow b, d, f, i.e., the solidu 
but di. fi. J The final solidifiention 
of the alloy takes place at a temperature 

ind not ¢; and the final liquid phase con 
position correspond to ¢ and not to « 

If the cooling is fast enough, the final 
solidification ma take place it fe tem 
perature (eutectic), where the concentra 


tion of the phase reaches the eutecti 


representing the alloy concentration inter compositions It solidifies the latter and 
L 
uw 
e, 
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Fig. 10 Coring effect and precipitation of 3-phase on the grain boundaries 
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hig. Weld metal structure. D+ 


300 
Oxs-hydrogen welded 245-TS allo 
245 filler metal Note heavy interdendritic 
provides “healing” to possible cracking,” 


i.e., it fills cavities formed among dendrites 
due to shrinkage Phe eutectic is being 
made responsible tor hot crack prevention 
In fact this “healing” is probably accom 
plished by the liquid phase throughout the 


vhole solidifieatior ind not only by the 


higure shows «a weld metal structure 


produced vill filler metal 
itectic may be see imong the dendritic 
he Also there are signs of coring 
According t | ent knowledge, it is 
1 lered that the euteetic m the weld 
‘ ! fo prevent erack 
) ('ra Pheoreti 
i adhe rive sensitive to weld crack 
uld be that which posse on the larg 
the preatest 
jlidifieation temperature imterval 
lhe orresponding to the highest solid 
Cy big. 10 
previou tuted, would take 
vould solidify ata 
rate Pha however 
ever | thee 
n practice the rate ol cooling is such 


that equilibrium is never reached with 


the ¢ eptio of course, ob pure metals ot 
netals with msignificant alloy content 
eutectic Content In welding alumi 
im allo veld metal erach start «le 
ing with the first appearance of the 
if Jeu ys, Singer and Pum 
y thre tical amount of eutes 
ded wder to practically prevent 
ng A\l-Si, ALCu and Al-Me 
4 

Alloy tent Pure or commerciall 
in velded or cast 
nuit iv Hlowever thie first 
) uch i 
opper ol Merense the ftreezing 
thie id thus Its 
ra ‘ tivil hich reaches some 

ul ! declines 
Thy ‘ esponds to the first ij) 
ce of the itectic With fur 
her mecrense content, the eracl 
vil irther decretise ind reaches 
iil in ind level oll The 
it which there os the 
Q75 
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maximum crack sensitivity, is given as 
about 0.4%" to 0.6%" Siin A 
about 1%,*' 1.5%" to about 
Mg in Al- Mg alloys and about 1.0%% Cu 
in Al-Cu 
found that the addition of some balanced 


I-Si alloys, 


alloys. Some authors have 


proportion of copper, ' silicon, 


4 mAaganese ron 


and 
titanium” decreases the Sensitivity 
of Al-Mg alloys 


decrease of the main alloy solubility, thus 


This may be due to the 


producing more eutectic, such as due to the 
addition of Fe, Si, Mn,” Si and Cu? 
grain refining by Addition of titanium," * 


or by 


The alloy addition, however, must be suit- 
ibly balanced, otherwise there may be a 
second maximum crack sensitivity as in 
the case of Al-Mg containing manganese. ! 
proposed such a bal- 
anced alloy for weldable light-gage alloy 
This had the following composition: 


20-5 80 
50-0) SO 
30-0 60 
50 max 
10 max 
20 max 


That alloy apparently gives porosity- and 
erack-free weld metal and heat-affeeted 

Impurities, such as arsenic and caleium, 
cracking. This, 
Lees,’ may be due to an increase of the 


increase according to 
freezing range or due to formation of a 
thin (brittle ? 
sence It seems that the destructive ae- 


) film, as in the case of ar- 


tion of calcium may also be due to the tend- 
ency of an alloy, containing this metal, 
for the high gas absorption which, in the 
author's opinion, may help erack forma- 
tion, 

Dowd” has 


found that preheating and postheating de- 


Pre- and Postheating: 
creases cracking of a heavy sheet weld. 
The author's experience also indicates 
that the preheating does reduce crack sen- 
sitivity, especially in the beginning of 
welding 

Crain Size and Size and Shape of Den- 
drites: Generally, authors?’ agree 
that the larger the grain size and the larger 
and the more complex the dendrites the 
more sensitive is the alloy to cracking 
This is probably because the larger the 
grains and dendrites are, the thinner is the 
film envelop®’ which thus cannot accom- 
modate the stresses Complex dendrites 
on the other hand may trap liquid in be- 
tween their branches and prevent its heal- 
Ing action 


Plate Thickness: 


sensitive to cracking than thin ones. 


Thick plates are more 
This may be due to two factors: 

1. The thicker the plate, the longer 
welding lasts and the less eutectic there 
is during the final freezing of the weld 
(the freezing occurs in conditions closer 
to equilibrium ) 

2. The longer time of welding of a 
thick plate gives more opportunity for 


O76 


gas to dissolve and thus, there is more 
precipitated gas porosity which, in the 
author's opinion, helps produce cracking 

Time and Temperature: The longer 
the time of welding and the higher the tem- 
perature the more the weld is sensitive to 
cracking.” 

(¢ Temperature of Cracking Many 
authors! % % 2% 2 think that eracks in 
solidified casting or weld metal are “hot 
tearing’ and that they are produced above 
solidus. Others,?® * to which group this 
author also belongs, believe that the weld 
metal may crack either above or below 
solidus. The latter oceurs in a sudden 
manner,® like Pum- 
phrey and Moore®*® also state that a weld 


small explosions 


metal with low alloy content Is sensitive to 
eracking above solidus and one with bigh 
alloy, below solidus. The formation of 


high-temperature cracking has already 


been explained. Below solidus cracks are 
probably due to the decrease of grain 
boundary strength caused by the depletion 
in alloy of the grain outer crust on cooling.*8 
The author also believes that there may 
also bea third temperature of cracking just 
When the weld con- 


taining high-gas content solidifies, the gas 


below the solidus 


from the solid phase migrates to the liquid 
phase as the latter has higher gas solubil- 
ity Consequently, on solidification, the 
precipitating gas may create such a pres- 
sure that the brittle intergranular eutec- 
tie may erack. 

(d) Types of Cracking. There seems 


to exist a prevalent opinion that weld 


metal eracks are intergranular.“ 

This author's experience seems to in- 
dicate that there are two types of cracking: 
inter- and transgranular cracks. The in- 
tergranular cracking may occur either 
above the solidus and it is primarily the 
“hot-cracking,”’ 
An ex 


ample of the former is given in Fig. 12 


so-called “hot-tearing’’ or 


or at or just below the solidus 


An example of a subsolidus crack is given 


Fig. 13°) Inert-gas-(argon)-weld metal crack. 


Fig. 12 thove solidus intergranular 

microcrack in the face of the weld 

(248-T3 alloy sheet, oxy-hydrogen 
weld, 248 filler metal). 250 


2 


in Fig. 13. This is an inert gas flange weld 


between 6LS-T6 boss and 528-0) sheet 
The crack was produced between a lack ot 
fusion and a blowhole. Portion A of the 
erack is interdendritic. 

The author believes that there also may 
be low-temperature (room temperature 
cracking of the weld metal. This cracking 
may be inter- or transgranular. The mi 
crocrack B (Fig. 13) probably oceurred at 
room temperature, when the small seetion 
of the alloy between the end of the lack ot 
fusion and the end of the crack A could 
not support the high shrinkage stresses 
This portion of the erack seems to be 
transgranular. 

(¢ “Crazing.”” Pendleton*® makes a 
very interesting observation about small 
multidirectional cracks which he calls 
“crazing.” He states that crazing was 


confined almost exclusively to the root of 


Flange welded 618-16 boss (left) 


to 528-0 alloy sheet (right). D + E, © 100 
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the weld and occasionally extended to the 
heat-affected zone He also suggests that 
crazing’ may be connected with internal 
porosity and may be produced by the es 
caping gas, which forces aside the thin 
film of liquid between the grain boundaries 
and lifts up the grains. This is a very 
Important observation. The last part ol 
Pendleton’s statement may suggest that 
‘crazing’ happens just ibove or at the 
solidus 
The author's experience has also pro 
° duced this type of cracking. It seems 
to be confined rather to overheated welds 
However, this fine multidirectional crack 


ing has been found on both sides in the 


“Crazing™ in the heat- 
affected zone. 2 


Fig. 14 


Overheated oxy-hydrogen weld, 525-0 alloy 
sheet. 525 filler metal. (Upper) Root side of the 
weld. (Lower) Face side of the weld 


hig. 15) from Fig. 14 after 
15 min deep etching. A + B, 2 


Fig. 16 “Crazing”™ in the weld metal 
(overheated oxy-hydrogen weld, 525-O 
alloy sheet, 52S filler metal). 
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heat-affected zone (Fig. 14) and only on 
the face of the weld metal itself (Fig. 16 
The former cracks have in some cases 
quite an appreciable depth eg., the ones 
shown in Fig. 14 which, after etching for 
15 min were still visible (Fig. 15 In an 
other case cracks started disapypr ining alter 
only 5 min etching 
The face weld metal “crazing Fig. 16 


seems to be more serious than the one from 


the heat-affeeted zone Figure 17 shows 
the same weld after etching Cracks are 


definitely intergranular Figure 1S shows 
similar eracked welds sectioned perpen 


dieularly to the center line of the weld 


Almost the entire section of the weld shows 


these cracks The eracks from Detail A 


“Crasing”” from kig. 16 after 
Note cracks following 


Fig. 17 


deep etching. 


dendritic boundaries. 3 


through “crazed” 


Xs 


hig. 18 Section 
weld metal from Fig. 


hig. 19 Detail (from Fig. 18. 


ing” is interdendritic cracks. 


**Cras- 


D + E, 
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Fig. 19) tollow the grain boundaries and 
ure with internal porosity ol 
thie \ 
ondleto ervations have been con 
firmed eve ‘ to lifting of the 
y IS Phe innocent looking 
is at innocent Her 
! | ‘ should bye 
itidirections racking could net 
meth | Dve penetrant, however, showed 
it 
lin Dowd on 
t! | ontinuous weld 
ol 2-0) | YS filler metal 
liscontinuous weld 
vher i Ca operator has a 
ood apy on steel big 
ure 20 il ocent looking but 
treacherou 21 reveals 
What is left of th leceptive face after its 
! ipl Lott Deep 
| i ind small cracks 
ire uneovel ‘hotomacrograph im big 
22 it internal soul of 
uch weld to better than its external 
i hove distinethy be seen 
i epurated ith porosity and 
crack Detail Bin Fig. 22 igure 23 
shows Detail ¢ ‘ the junetion along 
the two poo 
a 


hig. 20) Discontinuous weld (628-0 
alloy sheet, -hvdrogen weld, 52s 
filler metal) < 2.5 


Fig. 21) Same as big. 20 after deep 
etching. Note gaps among particular 
solidified pools 1 2 


hig. 22) Sections 1-1 through weld 


from Fig. 21. 
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Fig. 23) Detail C from Fig. 22.) EL 15 


The entire weld is badly infested with 
macro- and microporosity and with macro 
and microcracks These are produced by 
the long exposure of hot alloy to the end of 
the outer cone of the flame and it should 
not be forgotten that the end of the oxy 
acetylene flame contains one-third of water 
vapor as the final combustion products and 
oxy-hydrogen combustion products con 
tain even 100% water vapor 

7] Remedy There are numerous 
remedies which may be taken to avoid 
weld metal cracking 

Alloy Content All research workers 
agree that filler metal used for welding 
tluminum alloys should contain higher 
alloy content.® 34 
tllov content, however, should be prope rly 
balanced especially in the more complex al 
loys Also, the addition of refining agent- 
like titanium, zirconium or columbium®* 
decreases crack sensitivity 

Speed of Welding: The higher the 
speed the fewer cracks a weld metal will 


The main advantage of inert 
gas welding whether with a nonconsum 
able or consumable eleetrode lies in the 
spree Loft we lding 

Cleanliness 

Dry atmosphere of the shop 

Method 

Welding should never be discontinuous 


4. Heat- tffected Zone Cracking 


(a Solid Solubility Limits It is felt 
that «a short discussion of solid solubility 
limits of some most common elements in 
aluminum may help understanding ot 
further considerations 

Table | gives the solubility of some el 
ment in aluminum solid solution 


course, every constituent present 


the alloy affects the solubility of other 
constituents 

As may be seen, such elements as mag- 
nesium, zine and copper have a relatively 
greater solubility in aluminum at high 
temperature (e.g., at eutectic tempera- 
ture) than at low, but this solubility 
quickly decreases when the alloy is cooled 
Other elements such as silicon, and espe- 
cially iron and nickel, have a very low solid 
solubility. This solubility decreases al 
most to nothing at room temperature 
These alloying elements (or in some cases 
impurities) have a tendency to precipi 
tate usually as compounds on the grain 
boundaries or inside the grains. The 
more complex the alloy the more complex 
the precipitates. Magnesium and silicon 
for instance, form a very, brittle Mg si 
compound when present in the alloy 

Special attention should be paid to 
titanium. Although the Al-Ti system has 
not yet been properly established,** ** it 
is known that the solidification of Al-Ti in 
termetallie compound (TiAl,) takes place 
only a few degrees above the solidifies 
tion point of aluminum. On the other 
hand the diffusion of Ti in solid Al is ex 
tremely slow. These properties have been 
exploited by using titanium-aluminum 
compound as “seeds? to provide nucle 
tion and, consequently, grain refining 
Titanium has been used in Europe for 
manufacturing aluminum filler metal 
Commercially pure aluminum, when 
welded with a commercially pure aluminum 
filler metal, would show a very coarse colum 
nar structure in the weld metal. How 
ever, When a filler metal, containing as little 
as 0.08% titanium, is used, it would pro 
vide a very fine-grained weld metal struc 
ture. 

(b) Mechanism and Types of Cracking 
It seems that there are three ty pes of the 


Fig. 24 High-temperature  heat- 
affected zone crack (overheated 525-0 
alloy sheet, oxy-hydrogen weld, 525 
filler metal). * 2 


heat-affected zone cracks depending on the 
temperature at which they occur 

High-Temperature Cracks: High-tem 
perature cracks are heavy cracks. Ther 
are indications that they occur at or just 
below solidus, 

As was mentioned above, the hydroge: 
from the decomposing water vapor create 
very high pressure which produces high hy 
drogen solubility in the solid heat-affected 
zone. When this cause of high hydrogen 
pressure is relieved, the dissolved hydro 
gen precipitates into intergranular or in 
terstitial discontinuities or effuses, Pre 
cipitated hydrogen exerts high interna! 
pressure which produces separation ol the 
grains and may produce a crack, Such « 
erack is progressively enlarged as the allo 
shrinks. A high temperature intergranul 
crack ts shown in Fig. 24 and its plane 
section in Fig. 3 (left side). Figure 26 show- 
inother high temperature crack, [It is 
intergranular crack 

Medium-Temperature Cracks: Pum 
phrey and Moore®*® and Hollard® refer to 
cracks which occur at lower tempers 
tures Hollard states that such cracks 
were observed at about 200° ¢ 
Pumphrey and Moore explain this | 
the weakening of the grain periphery, be 
enuse of the depletion of its alloying con 
tent precipitating on the grain boundary 
This seems to be a reasonable explanation 
Perryman and Blade*® give remarkabl 
photomicrographs of a solution-treated 
and aged Al — 10% Znalloy. The periph 
eries of the grains show a definite deple 
tion in zine. Those depleted and ex 
tremely narrow zones Fig. 25 have lowe: 
strength than the core of the grains or o! 
the grain boundaries. When stresses are 
present (e.g., shrinkage stresses) these 
zones stretch bevond the vield point and 


Table l—Solubility of Elements in Aluminum Solid Solution’ © 


Klement 
Cu My 
Solubility, 5 15 35% 2 1.5* 1 65 0 05 
Temp., ° © DAS 151 150 Room 577 200 
Zn ky Vn Vi ( 
Solubility, 82 8 56 0 05 0 006 1 82 0: 0 03 0 006 077 0 07 
Temp 275 125 O55 500 5 5OO Hol 
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DEPLETED GRAIN PERIPHERIES ere opinion as to whether 
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( there i he relationship 

Ilo ra howeve trite that cracks 

iflect istered res bout that 

there is no relationship between gas 

Effect of intergranular precipitation ontent and y Phe photograph 

vive shows 

hie ‘ erack around 

crack Figure 26 gives such, which en haracteristic metalle sounds « Vhich there » porosity visible although 

believed to be, a medium temperatur racks which follow the welding tore] the heat-all i e itself and the weld 

Neve fy of Crackir There ine ( brite ! ith blowhols inal 

Low-Temperature Microcracks These ew factors which influence the severit pinhole 

cracks are produced at low temperature of cracking in the heat-affected zone It ithe rhyme tion Suggests that 

ind occur either between the ends of hig Dinne The longer the time the more there 1 ome ! Hionship between pas 

or medium temperature cracks or betweer omplete precipitation there is) on the nitent om the nd cracking. 

porosities (Fig. 27) where reduced sectiot grain boundaries and, consequently, the help in produemg crack It is in 
cannot support shrinkage stresses Some more the outer boundaries of the gram teresting te ote that there is ho porosity ’ 

times these eracks take the form = o ire depleted in alloying constituents. Thi in the immediate viemity of a heavy high 

shatter microcracks Low-tempers why such allo is Al-5% Meg crack temperature hown in Pig. 3 

ture microeracks are usually transgranu severe] when rewelded repaired ol Phu rack however, seems to 

lar They may extend on t consid vhere the welds intersect Phe through severa OW Thole It is probable 

erable dist anee but are so fine that the ors experrence vith dronahum that the actual such miny 

may be seen only under higher magnifica Hy-5)8? showed that alloy vas |e bea high concentration of gas on the gram 

tion and after light etching Phe interns rack sensitive when fast welded, but hound vhiecl is produced separation 

gas pressure in porosity voids also mia that it would crack unmistakably wher of grain nid intergranular crack 

he Ip in deve loping these cracks low welded or on weld intersections Further on, thi rack mav be used by 

The shatter character of low-tempera Alloy Content It is generally recog ii from the adjacent to the crack area, 

ture microcracks suggests that they as nized that Al-My alloy up to 4.5% Mg are is an escaping channel Phus the gas 

produced rather violently This is prob not particularly crack sensitive. This pressure may be relieved and no more pores 

ibly true beesuse quite offen one mut true if the weld is made kly and i be tormed burther shrinkage of 


Fig. 26 High- (upper) and medium- (lower) temperature Fig. 27 Low-temperature heat-affected zone trans- 


heat-affected zone intergranular cracks (overheated oxy- granular microcrack between porosities (overheated oxy- 
hydrogen weld, 528S-O alloy sheet. 528 filler metal). hydrogen weld, 528-0 alloy sheet, 528 filler metal). D, 
80 
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the metal during cooling may have en- 
larged this crack 

(e) Remedy 
be taken to avoid or at least decrease 


The following steps may 


eracking in the heat-affected zone 

! Use a rather low alloy content 
This is contrary to the requirement for 
weld metal 

2. Use an alloy with more complex but 
balanced alloy content such as that previ- 
ously given and as proposed by Erdmann- 
Jesnitzer 

4. Weld as quickly as possible. Inert 
gis us a fast method of welding is better 
than oxy-acetylene and this, in turn, ts 
better than oxy hydrogen 

t. Avoid using oxy-hydrogen welding 
because it is slow and because the flame 
contains 100% water vapor as the final 
combustion product 

5. Avoid welding in «a humid place 

“ Use clean and dry filler metal and 
base alloy 


7 Avoid designing intersecting welds 


GRAIN GROW TIANDRECRYS- 
TALLIZATION 


Sheets are stretched or bent after final 
heat treatment for strengthening This 
Induces some cold working of the alloy 
CGirains, deformed during cold) working, 
Alter, how 


ever, some percentage ol cold working is 


reerystallize during heating 


reached, the grains have a tendency to 
grow Pure metals or alloys of the solid 
solution types, such as Al-Mg allovs, are 
There 


is a critical amount of cold working and a 


especially sensitive to grain growth 


critical temperature to which the alloy 
may subsequently be heated and at which 
there is a maximum of grain growth 
Bungardt and Rohde® made extensive 
studies on the reerystallization of Hy-7 


% Meg, 0.27% Mn, usual percentage 
of Fe and Si, balance Al The mean 
grain size of the material before cold re- 
duction was 60047) The critical deforma- 
tion by cold reduction was found to be 
heated alloy increased up to about 400°C, 


The grain size of the subsequently 


at which temperature there was a sudden 
decrease Further increase of the tempera- 
ture continued to provide a steady and in- 
creased growth of grains. The investiga- 
tors found the mean grain size after 1 to 
3 hr at 500° C to be about 80,000 to 1S80,- 
000 and at 550° 210,000 to 700,000 

When an alloy in cold worked condition 
is welded, the temperature rises to a erit 
ical level somewhere in the heat-affected 
zone and reerystallization occurs. Figure 
28 gives an original microstructure of a 
248-T3 sheet. 


due to cold working 


The grains are elongated 
Figure 29 shows the 
heat-affected zone microstructure after 
oxv-hydrogen welding. The grains have 
recrystallized and increased in size and, 
in addition, heavy precipitates, mainly 
CuAlbk are visible on the grain boundaries. 


Fig. 28 248-T3 


Microstructure of 
alloy sheet. D + BE, & 300 


The author's own experience with 2-mm 
Hy-5 alloy sheet was also mteresting.? 
The investigated alloy was in a slight cold 
worked condition. The mean grain size 
was $25 w*. After welding with oxy-acet 
vlene, the heat-affected zone grain reerys- 
tallized and its size increased to 32,000 yu? 
and in places where the welds intersected, 
the grain size increased to as much as 
62,000 


however, was not yet accomplished, be- 


The reerystallization process, 


cause the time the alloy was kept under 
the heat was too short to produce an equi 
Of course, Hy-5 (AL- 5% Me 
is more critical from the grain growth point 


of view than Hy-7 because the former 
has a lower Mg content than the latter 

The percentage of cold working of an 
alloy to be welded must be strictly con- 
trolled in order to avoid excessive grain 
growth 

The author is not aware as to whether 
there has been any extensive investigation 
on the significance of grain growth during 
welding to strength and physical-chemical 
properties. The following effect, however, 
seems to be without doubt. The grain 
growth in the heat-affeeted zone would: 
(a) Decrease the duetility of the joint 
(b) Reduce yield strength, impact and en- 
durance limit. (¢) Decrease resistance to 
corrosion especially to stress and inter- 


granular corrosion 


Vi. CORROSION* 
I, General 


Electrochemical reaction seems to be 
widely accepted today as the cause of cor- 
rosion. As is well known, two factors are 
to be present in order to produce corrosion: 
a potential difference and an electrolyte. 
An electrolyte is present practically every- 
where; its simplest form being common 
moisture 

Surface corrosion is the least dangerous 
as it attacks an alloy uniformly and, con- 

detected 
dangerous 


sequently, is relatively easily 


and prevented. The most 
types of corrosion are internal; — stress, 
intergranular and fatigue corrosion. These 


* Potential signs in this work are those adop- 
ted by the Eleetrochemical Society, Ine These 
are Opposite to those employed by the American 
Chemical Society 
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Fig. 29 Same alloy as in Fig. 28 re- 


erystallized in the heat-affected sone 
(oxyv-hydrogen weld, 24S filler metal). 
+ 300 


types of corrosion are rather concentrated 
and difficult to spot and to prevent 


Therefore, it is proposed to pay more at 


tention to stress, intergranular ind 
corrosion and especially to the first: two 
types. Intergranular and stress corrosion 


are very often found in welds 


2. Stress and Intergranular Corro- 
sion 


These two types of corrosion are dis 
cussed together as the causes and the mecha 
nism of corrosion in both cases seem to 
be very similar. In the ease of aluminum 
alloys, stress corrosion is intergranu 
lar.) types of corrosion 
seem to be accompanied by internal stresses 
caused by the corrosion itself. How 
ever, in the case of stress corrosion, addi 
tional stresses, produced either by an 
external load or by shrinkage or by any 
other cause, are present. The stress-fres 
intergranular corrosion has a rather gen 
eral character while the stress-corrosion 
is usually confined to a narrow band ot 
alloy This band is perpendicul ur to the 
direction of stress." 

(a Vechanism of Stress and Inte 
granular Corrosion. An aluminum alloy 
may be the vietim of stress or intergranu 
lar corrosion if precipitates are present on 
the alloy grain boundaries. This is be 
cause the depleted grain peripheries in 
given corrosive medium have different 
electric potential than the precipitates and 
grain centers. 

Dix and Brown" give electrode poten 
tial values for some aluminum solid so 


When an alloy 
contains grain boundary precipitates, se 


lutions and constituents 


lective corrosion on the grain boundaries 
may start. The precipitates under the 
microscope may look either like continuous 
envelopes or streaks of globules on the 
grain boundaries. They also may be 
present on the slip planes of the grains 
However, the discontinuity of precipitates 
on one microscopic plane does not mean 
that they do not form @ continuous net 
work. 
plane concerned may intersect only some 


This is because the microscopic 


of the branches of the precipitates 
Let us consider an alloy composed ot 
grains with 


solid solution precipitates 
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lorming ontinuous network on the 
boundaries In thre ol pure 
Intergranular corrosion the mechanism of 
thee phenomenon seems to tn is follows 
see Fig. 30 

First Stage A pit at the grain boun 
dary ts formed at the surface due to poten 


between the precipitate, 


tial difference 
the grain core and the depleted = grain 


periphery 

Second Stage An oxvgen type con 
centration cell corrosion ma enlarge the 
pit atits bottom. Corrosion products ex 
erelse pressure on the grains (as is known 
the volume of aluminum corrosion prod 
uets is much larger than the volume of the 
dluminum eaten” This produces 
stress concentration at the bottom of the 


put 


Third Stage omiucrofissure ippears 
it the bottom of the put The fissure de 
strovs any protective film which mav be 
formed.” This miecrofissure, as a capil 
lary, sucks in moisture and, in turn, pro 
duces further concentration cell corrosion 


This, combined with the pote ntial differ 


| 
ence between the precipitates, the grain 
center and the depleted grain periphery 
causes further progress of corrosion Lo 
il strain accelerates the COTTOSTVE il 


tack.®®* When there is no continuous net 


work ofl precipit ites the wetior 


mav be substantially slowed or even com 
pletely stopped 

Tn the ise of stress corrosion, where the 
illoy is under stress, in the first stage, the 
bottom of the pit produces a notel vith 
stress concentration which helps to de 
velop t microcrack Consequent! tress 
will proceed luster than iter 
granular corrosion and on an accelerated 
until, finally, the decreased section 
ol remaining uncorroded alloy will fail in a 


brittle: manner 


f arrosior There seem to be three type 
intergranular corrosion. in 
tluminum alloys. This depends — pri 
marily on the solution potential of the pre 
erpit ites 

Type L corrosion occurs when the precip- 
itate Is ¢ ithodi to the depleted irea ad 
jacent to the precipitate An alloy may 
be sensitive to surface corrosion when the 
precipitate is uniformily dispersed, as in 
the case of solution heat treated and aged 
alloy When the precipitate exists in the 
form of large globules in the grain boun 


dary, as after artificial aging, local pitting 
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Ist. STAGE 


Intergranular corrosion start- 
ing at the bottom of a corrosion pit in 
the heat-affected sone (24S-T3 alloy 
sheet, oxy-hydrogen weld, 248 filler 
metal) 


Specimen immersed for 96 hr in 7% Natl 
aqueous solution Initial structure 
asin Fig. 29. 350 


may occur When, howeve the precip 
itates form a continuous network (Fig 
20 iround the grains, intergranular or 
stress corrosion usually occurs (Fig. 31 


Aluminum-copper alloys are representa 
tive of this typ ol corrosion In thi 


CuAl 


precipitated It 1 


case, copper aluminicde interme 
tallie compound 
eathodie to the depleted grain peripher 
ind the grain periphery is also anodic to 
the grain core 

Type IL intergranular or stress corro 


sion occurs when the precipitate is anode 


to the depleted grain boundary and to the 


yrain core \luminum-magnesium il 
long to this group The 
being anode corrodes, 2% 


In Al My illo milar to ype int 


tergranular attmac happens when there 


exists a continuous §-phase intergranular 
network or when there are mall size 
globular 3 precipi 
precipitates, called tring ol pears 
or lakes, product oply lo il pitting 
Lacombe and Chaudron found that 
up to i metastable 8 phase pre 
cipitates and above this temperature 6 
transforms into the stable 8 ph ist The 
former 1s less resistant to corrosion than 


the latter Minimum resistance to stress 
corrosion has been found after low-term 
perature aging (L00-150° ¢ 

\l 5Y My practi illv resistant to 
intergranular or stress corrosion after so 


lution hest treatment.? However 


Alloy 


A az7a 


2nd. STAGE 


Schematic representation of intergranular corrosion 


3rd STAGE 


ar precipitate even 
it room temperature in a few years una 
even ll ew nit under tropu al con 


ditions 

In Germany, where Al-Mg alloys were 
originally developed, alloys containing 5% 
discontinued 
ind replaced by Al-Mg-Si alloys. The 


rones have similar or better properties 


ol hore were 


than Al-Mg allo but are less trouble 


ome with respect to intergranular cor 


rosion 

TIL stress or intergranular cor 
rosion occurs when the intermetallic pre 
cipitate ts alternativel ithodie or anodic 


depending on environment, whether 


the eonstituent ire filmed or not Alu 
minume-zine alloy ire, subjected to. this 
type of corrosion In most neutral on 


acid solutions, zine is anodic to aluminum 


or aluminum-rich solution, but in alkaline 
olutions the potenti ils are reversed,” \ 
zine-rich, solid solution is precipitated on 


\l-Zn alloys and 


in Type I 


the grain boundari j 
hot mitermetaiiic compound a 
and ‘Type IL corrosion 
In normal environment, the precipitates, 
the depleted grain boundaries and the 
When however, 
t crack is produced, this film is temporar 
iy destroyed and the order ol potentials 
Coon equently, the 
zine-rich preeipitate na depleted grain 
corrode, depending 


on whether the film ts present o1 destroved 


Corrosion hatigue 


C orrosi wu ie’ predom 

! i nae ind they follow 

lip p hich ar rmed during cold 

yorking ol the 

isu i the bottom ob corrosive 

pit hich form stre concentration under 

louding orroston 

has been started it progresses further as 
pu 


4 Effect of Cold Working 


Cold working, be ie iffeeting the po 
tentini of the i i vhole 
the rate of pre Iput tion on the grain boun 
laric : id along the slip plane: 
(Consequentl cold working trongly il 
fect re tance to rrosion The rate 

rosion. in the ol stre or inter 
corrosion seems to increase with 
he increase of the percentage of cold work 
ng and fter re hing some maximum at 


ON] 


\ \ 
4 
: 
and Inte mnular 


RAIN BOUNDARY PRECIPITATES 
In—4% Al (Black) 


PLETED 


tn (Light) 


— 
unfiimed. + + 
filmed + + 
— — 


PERI PHE! 


RELATIVE 


RAIN CORE flimed: — 
Al —high %Zn (4ark’) 


— the most anodic 
+ the most cathodic 


hie. 32) thuminum-sine intergranular corrosion 


i particular precentage of cold working, 
seems to decrenuse According to Zeer 
lender® in Peraluman 5 (Al-5% Mg 
the rate of corrosion increases up to about 
22% of cold working and then decreases 
is the cold working increases above this 
limit 

\ very small amount of cold working 
however, such as used for straightening 
the sheet, may cause an enormous grain 
growth* during reerystallization.™ Such 
grain growth may also produce a heavy 
precipitation and, besides increasing 
cracking, may inerease the sensitivity to 
corrosion, especially to intergranular at- 


tack 


5. Prevention of Corrosion 


(a) Solution Heat Treatment. The best 
remedy against corrosion is homogeniza- 
tion of the alloy in order to decrease the 
formation of local galvanie cells. This 
may be achieved by solution heat treat 
ment during which the precipitates are 
dissolved and kept in a supersaturated 
solid solution due to rapid cooling This, 
however, is effective only for alloys con 
taining a low percentage of elements which 
precipitate such as copper (e.g., in 245) or 
magnesium (up to In alloys 
with higher percentages ol these elements 
it is impossible to keep them completely 
in solid solution: some amount will pre- 
cipitate. Fundamentally, aluminum-mag- 
nesium alloys are age-hardening alloys.** 
As has been stated above, the 8 phase may 
precipitate hot tropical climate and 
even in normal room temperature. George 
and Chalmers” state that the 8 phase 
precipitates on the grain boundaries even 
in Al- 5° Meg alloy. They, however, 
refer to cold-headed rivets, consequently 
to a cold worked alloy 

(b) Artificial Aging. During artificial 
aging, when the viscosity of the alloy is 
decreased and surface tension of the pre 
eipitates is high, the latter form small 
spheroids on the wrain boundaries and on 
the slip planes. For this reason the con 
tinuous network of precipitates on the 


* (see “Grain Growth and Recrystallization 


grain boundaries is broken and sensitivit) 
to intergranular corrosion is decreased 
This treatment, however, is much more 
effective in Al-Mg alloys, where the 6 
phase precipitate is anodic to the solid 
solution grain, than in Al-Cu alloys in 
which the CuAl, precipitate is cathodic 
In the latter case during corrosion CuAl 
is not consumed; it stays in the pits and 
may cause the deepening of these pits. 
The size of the 8-phase precipitate on the 
grain boundaries in Al-Mg alloys is erit 
ical.” Too fine but closely spaced glob 
ules produce intergranular attack.  Zeer- 
lender® and Metealfe® call the large 
3-phase precipitates “strings of pearls” 
and the treatment which produces them, 
“heterogenization.”’ This treatment con 
sists of solution heat treatment and very 
slow cooling at a rate of 10 to 50° C,- 
* Brenner and Roth’ state that 


heterogenization may be achieved by 


min 


heating the alloy at a temperature just 
below the solid solubility line 

(c) Addition ol Elements 
Zine decreases the rate of precipitation 
of the 8 phase in Al-Mg alloys but, ones 
a continuous network is formed, zine has 
no effect on stress-corrosion,” Also the 
addition of manganese and chromium de- 
creases the intergranular corrosion sen- 
sitivity of these alloys 


6. Significance for Welding 


Homogeneity of an alloy is one of pri 
mary conditions of good resistance to 
corrosion, Unfortunately, welding is a 
process which produces heterogeneity. First 
of all, there almost always exists some dit 
ference in chemical composition between 
the weld and the base metal. Secondly, 
the weld metal is a cast allov, while the 
base metal may be wrought or cast. Be 
sides, the base metal, due to cold working, 
may contain locked-in stresses, and the 
whole welded joint may be under shrink 
age stresses. On the other hand, the 
weld metal and the heat-affected zone of 
the base metal may also be structurally 
heterogeneous The lack of homogeneity 


of the former may be due to solidification 
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coring) and of the latter, due to the sec 
ondary heat effect Furthermore, the 
heat-affected zone during welding under 
goes structural changes like annealing 
hardening, reerystallization, grain cours 
ening, diffusion, precipitation, et All 
this may produce local electric cells and 
Is a potential source of corrosion 

The heat-affected zone is the first 
suffer from corrosive attack because 
previously deseribed reasons: grain bound 
iry precipitates, grain growth, blistering 
ind porosity A fine erack or 
porosity may act as a capillary, thus may 
suck in moisture and produce concentra 
tion cell corrosion forming deep pits as 
i result (Figs. 31, 37 and 3S 

The melting point of a welding flux is 
lower than that of welded alloy Con 
sequently, when eracks or blisters are 
formed above or just below the solidus, 
when the flux is still fluid, the depression 
produced during cooling inside a crack or 
a blister may suck the fluid flux in. ‘This 


flux usually cannot be removed by ny 
physical or chemical means. In this case 
the alloy may experience a selective con 


centration cell corrosion attack in the 
eracked or blistered ures This, isa rule 
will be accompanied by an intergranular 
Fig. 31) or stress corrosion attack as 
cracks and blisters usually occur in the 
area Which shows precipitation on the 
grain boundaries 

Such i“ phenomenon was observed on 
welded Hy-5 alloy This alloy possessed 
an extraordinary resistance to corrosion 
when unwelded. Immersion for 1400 hr in 
a 10° aqueous solution of NaCl + 3% 
H.O., or in salt spray would show no 
corrosion However, oxy-acetylene gas 
welded and severely eracked specimens 
have been severely attacked in a few day Ss, 
when exposed to a humid atmosphere 
The attack was intergranular and was es 
pecially severe around the crack Those 
welds did not produce any visible porosit 

Cracks and lack of tightness have some 
times been observed on gas-welded parts 
stored for some time after welding 
though visual or fluorescent penetrant 
inspection has not shown any such defects 
immediately after welding.’ It sus 
pected that cracking may have been pro- 
duced due to the pressure exe rted by corro 
sion products inside attacked blistered 
areas 

The effect of precipitates ¢ ould be coun 
teracted bv a homogenizing 
Cu alloys) or by heterogenizing (in, e-¢., 
Al-Myg allovs) provided the weld is net 
ther eracked nor blistered mor porous 
This however, in the majority of cases 
would be impractical. Aluminum allo 
have too low strength at the heat treat 
ment temperature and,  consequenth 
parts would require Intricate 
otherwise, they might collapse On the 
other hand, in the ease of Al-C'u allovs 
like Duralumin) the CuAl, precipitate 
is verv slow in going Into solutior The 


author tried before the war to decrease the 
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Fig. 3: 


(Left) Onxy-hy dre 


Duralu 
Only after 1 hr of soaking 


corrosiveness otf welded 2-mm 
minum sheets.5? 
at 490+10° C 


tial dissolution of the CuAl precipitate be 


could some sign of a par 


noted, manifesting itself by breaking of 
the continuous pre Ipitate envelope iround 
the grains. There was also an inter 
esting shifting of corrosive attack from 
one area of the specimens to another, de 
pending on the length of soaking time 
However, there is no other means of 
preventing corrosion blistered ort 
cracked area than by drying the part com 
pletely and keeping it dry during service 


seldom be pos 


This, of course, would ver) | 


sible on practi able 


Selected Example 


\ few corrosion tests have been run ou 
order to see what would be the result o 
Three 
specimens trom O.OSO in 


welding on resistance to corrosion 
series of three 
528-0) allov have been prepare lL bv oxy 
hydrogen OX\ wet viene ind Inert-gus 


(argon welding. The used material 


showed low porosity All specimens were 
made from the same sheet, by the same 


welder and under identical conditions 
33 shows these specimens welded 


dro 


widest weld 


Figure 
but before the corrosion test Ox, 
gen specimens show the 
among the three series 

In Fig. 34 sections of these Specimens 


Fig. 33) are presented On the oxy 


hydrogen welded specimen porosity and 
blistering may be seen but only on the face 


welded 


porosit\ 


sick Oxv-acetviene specimens 


do not show any however, a 
light swelling may be seen. This would 
suggest that in these Specimens some mil 


Inert-gas-welded 


CTOPOTOSIT Is present 


weld (Middle) Oxy-acetylene weld 
No : In each pair of specimens the left-hand side shows the face side a vd 


528-0 alloy welded sheet before corrosion test 


(Right) Inert gas (argon) weld 


_ - 


Fig. 34° Sectioned specimens from 


Fig. 33. 5 


(Middle) Oxy- 
(Lower) Inert-gas (argon) 


(l pper) Oxy-hy drogen weld. 
acetylene weld. 
welc 


specimens appenr to be porosity Iree un 
der low magnification However, higher 
magnification Fig 35 revealed some 


small 


pinholes located rather toward the 
center of the specimens and toward the 
veld metal 

Figure 36 show the specimens from 


Fig. 33 after 168 hr immersion in a 7 


solution of NaCl 4 . HO 


filler metal 


the right-hand side shows the root side of the’weld 


Heat-affected sone and weld 


hig. 35 

metal micreporosity in an inert-gas- 

welded specimen (see Figs. 33 (right) 
and 34 (lower)) E, xX 50 


Figure ifter the orrosion products 


have been cleaned off and Fig. 38 gives 
orroded specimens alter 
immersion in the electrolyte 


Results are given in the following para 


| ) hydrogen Welded Specimens 
Hens pitting in the heat-affeeted zone 
close to the weld metal (on the face side 
onl Heavy pitting in the heat-affected 
zone some distance from the weld on the 
root side. Seattered pitting in the base 
metal outside the heat-affeeted zone. 
Some pitting in the weld metal 

2. Oxy-acetvlene Welded Specimens 
pitting throughout all 
pecimens on both sides Somewhat lesser 


pitting in the heat-aflected zone 


Inert-Ci Welded Specimens: Base 
ind) weld etal livht seattered pits 
Hest fected lose to the weld me 


Same as in big 
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33 after 168 hr immersion in 


every day) 


Koziarsi 


aqueous solution of Natl HAD. (solution changed 


= 


Fig. 37) Same as in Fig. 36 after corrosion products have been cleaned off. Note black deposit of MgO 


hig. 38 Sectioned specimens from 

hig. 37 after 312 hr. immersion in the 
electrolyte. 3 

pper) Oxy-hy drogen weld. (Widdle) Oxy - 

acetylene weld. Ula r ert-ges (argon) 

weld. Face side of welds points downward. 


tal heavy continuous corrosive 
attack 

All specimens show heavy blackening 
of the immersed areas. This suggests 
the formation of MgO on the surface 
\lso some intergranular attack around pits 
Is present 

As may be seen, the oxy-acetylene 
welded specimens show the best over-all 
resistance to corrosion and the inert gas 
welded, the worst The observation of 
Figs. 6 and 33 through 38 seems to indicate 
that there is some interdependence be- 
tween blistering and porosity on the one 
side and corrosion on the other It also 
seems that the flux used for gas welding 
does give some protection against gas 
absorption (Note that the inert-gas speci- 
mens are more heavily attacked on the 
root than on the face side. The root side 
does not have the inert gas protection). 

Other corrosion tests with 248-T3 alloy 
welded specimens showed very similar 
over-all trend The oxy-acetylene welded 
specimens were corroded rather slightly; 
oxy-hydrogen welded, heavily; in- 
It is felt, 
as previously stated, that any explanation 


ert-gas welded, very heavily 


of this phenomenon would at present be 
pure speculation. Therefore, it would 
be better to refrain from it, 


984 


Vil. STRENGTIL AND PHYSICAL 
PROPERTIES 


Besides resistance to corrosion already 
dealt with, welding also affects the phys- 
ical and strength properties of the welded 
alloy. Such physical properties as heat, 
sound and eleetrie conductivity, coefficient 
of thermal expansion, ete., are affected 
by the welding process. However, dis- 
cussion of these changes is not of a par- 
ticular interest. Consequently, let us ra- 
ther consider strength properties 


1. Tensile Strength, Yield Strength 
and Ductility 


There are three distinctive zones on a 
weld: weld metal, heat-affected zone 
and base metal. Weld metal is a cast 
metal; base metal may be cast, forged, 
hot or cold rolled, ete.; and the heat- 
affected zone represents base metal which 
underwent some changes due to the heat. 

Consideration of the elongation of the 
weld as a whole would be illogical as the 
weld joint is composed of three different 
materials. The weakest one, usually the 
heat-affected zone base metal, will elon- 
gate the most and will have a tendency 
to take all the strain.“ It would also 
be useless to use a filler metal which gives 
too strong a weld metal! because the strain 
on the heat-affeeted zone would be. still 
higher. Too weak a weld metal would 
produce high strain in itself. These two 
zones are always to be critically considered 
because they take all the strain and be- 
cause the weld usually fails there 

There is no data (at least the author 
is not aware of the existence of any) 
showing the effect of blistering, porosity 
or cracking on tensile strength, vield 
strength and duetility There exists, 
however, some data concerning the weld 
efficiency (the percentage of the tensile 
strength of the weld to that of the base 
In Al-~5% Mg the joint 
efficiency may be as high as 100%. This 
joint efficiency, of course, Concerns rela- 
tively sound welds. 

Heat treatment may considerably in- 
crease the joint efficiency of welds made 
with heat-treatable alloys. Martin, Jacob- 
son and Voldrich'™ give some figures con- 
cerning the joint efficiency of welded thick 
plates. According to their report, the 
joint efficiency increases from 70-80% to 
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100% tor GIS, from 60-70% to SO-90% 
for 248 and from 50-60% to 50-60% for 


75S after heat treatment 


2. Dynamic Properties (hatigue 
Strength) 


The investigation of fatigue properties 
of the weld is an extremely delicate propo 
sition. This is primarily due to the large 
number of variables which may affect fa 
tigue joint efficiency. There are four 
groups of such variables which are due to 
(a) material (base and filler metal), (4 
method of welding, (¢) geometry of the weld 
and (d) method of testing. Some excel 
lent works have been published in recent 
vears which dealt with the fatigue strength 
of a welded joint of aluminum alloys 

These two papers confirm the general 
trend of results in welded steel joint found 
by other research workers like Schult: 
and Buchholtz ® & Sehick® and by the 
Royal Aircraft Establishment, Farnbor 
ough, Hants, England. They should be 
read and studied by everyone concerned 
with the design of welded joints 

However, there are still no reliable fs 
tigue data on welded joints which could 
be directly used for design purposes. — It 
also seems that designers will have to wait 
still many more years before such data are 


available 


VIL. GENERAL CONCLUSIONS 


A review of the international literature 
which deals with the weldability of alum 
inum alloys seems to indicate that 

1. The weldability of aluminum alloys 
is still far from being sufficiently explored 

2. There is a definite need for alu 
minum alloys which would possess: (a 
high strength (static and dynamic 
(6) reasonable ductility, (¢) good resistance 
to corrosion and (d) good weldability 

3. It would be unadvisable to seek « 
universal weldable aluminum alloy for 
thin and thick sections and resistant to al! 
corrosive conditions. 

4. A good weldable alloy during or 
after welding should be: (a) porosity 
free, (b) insensitive to cracking, (¢) insen 
sitive to corrosion, (d) insensitive to ta 
tigue and (e) rather of a relatively stable 
solution type Also aging properties at 
higher temperature (above 300° F) would 


be desirable. 
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ecent Developments in Powder Processes 


® Powder cutting was originally developed as a method of cut- 
ting stainless steel. Recent developments extend its use 
to scarfing of blooms and billets and powder washing of steel 
castings and the cutting of nonferrous metals and firebrick 


by R. S. Babcock 


OWDER CUTTING was conceived and de- 
veloped as a method of progressively cutting stain- 
less steel. Stainless steels normally resist oxygen 
cutting because of the refractory nature of the 
chromium oxide layer which forms immediately when 
stainless steel is heated in the presence of oxygen. The 
addition of iron powder to such a reaction prevents the 
solidification of refractory oxides through the generation 
of additional heat and a fluxing action of iron oxide on 
chromium oxide 
Initially, powder-cutting apparatus was designed so 
that the powder was introduced into the oxygen stream 
at some point within the nozzle. Similar arrangements 
were used in larger nozzles for powder scarfing, a 
method of conditioning or removing defects from the 
surfaces of stainless-steel slabs and blooms. The 
powder processes were so much faster and more efficient 
than the existing “wiggle”? teehniques and carbon are 
methods of cutting stainless steel that there was an im- 
mediate demand for apparatus in many commercial 
applications. In early stages of development it) was 
found that improved performance could be obtained by 
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discharging the powder through an annular passage 
between the preheat ports and oxygen bore of the cut- 
ting nozzle. This permitted the use of higher oxygen 
pressures, independent of dispenser pressures, and pro- 
vided for complete penetration through much heavier 
sections of stainless steel. 

However, it was necessary to operate all of these 
cutting and searfing nozzles well above the work surface 
because only part of the powder was brought into 
direct contact with the preheat flames, and the re- 
mainder of the powder traveled some distance before 
reaching ignition temperature. In  powder-scarfing 
operations, the nozzle was carried at least 3 in. and 
sometimes 4 in. away from the reaction zone. This 
appeared to be an undesirable condition when compared 
to cutting and searfing operations on carbon steel 
Maximum operating speeds and rates of metal removal! 
are normally obtained with minimum spacing of the 
nozzle above the workpiece, or with the flames touching 
the workpiece surface. The development of the present 
method of introducing powder externally made it 
possible to operate powder nozzles closer to the work 
surface 

In external powder feed, the air-conveyed powder is 
directed through the preheat flames where it is raised to 
ignition temperature and enters the oxygen stream at a 
point close to the tip of the nozzle. Since all of thy 
heated powder particles are ready to start burning as 


soon as they reach the oxygen stream, the nozzle can be 
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passes, and internal powder feed produced the smooth- 
est searfing pass. The powder-scarfing of blooms and 
billets was satisfactory from the standpoint of cost and 
rolling results, but occasionally a condition referred to 


“Shiners”’ was found on the irfuce of stainless steel 


sheet rolled from po vder-searted Metallurgical 
analysis pointed to a high ferritic concentration at the 
location of these shiners condition apparently 
vas due to partially burned powder being deposited at 
the trailing edge of the reaction cine here i wa uh 


sequently rolled the top inl thre unless 
removed with the furnace I hield trials of powder 


scarhng vith exter powade! heed proved that this new 


method was not ouly taste ind more economical bout 
Wiis also less likely to le powder the 
searted surtace external powder teed scarfing passes 


could be maintained at peed is much as three times 


faster than those obtained with imternal powder feed 


external powder feed scarfing now being used ex 
clusively in conditioning stale teel slab 
The change to exten il po der teed made ut possible 
Fig. Manual powder cutting, used to trim stainless to use large lotted nozzle Vhich inereased surtiace 
steel in a refinery application coverage per pass Although the carted surtace pro 
duced with this equipment is considerably roughet 


mated close work surfat 
low ited loser to hie vor} urlace hi result Ih than the produet of the earlier apparatus, it wa found 
aste tting speeds tion in the ame wade 
faster cutting speeds, reduction in the amount of powde1 that. this surface rolled out to the complete satisfaction 
"eal “Mi and ¢ wer rate conveving a 101 ! 

required and i lo er rate ol mveving ir flow he of all concerned and there h heey no recurrence of the 


latter is an important factor, because the nitrogen of the “shiner” trouble Produces f st le teel are ) 
conveying air tends to dilute the purity of the cutting currently conditioning up to 50°, of their stainless steel 

stre; ( 
oxygen ream. slab production using external powder feed equipment 


However, in scarfing, it was found that the best roll and at a saving of more than $5.00 per ton compared to 


ing results were obtained from the smoothest scarfing 


ra 
Fig.2) Manual powder cutting being used to remove a sec- kig. 3) Powder cut through 20-in. thick cast-iron flywheel 
tion from a cast-iron header roa 
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hig. 4 Three sections of stainless steel representing material as powder scarfed, hot rolled to */\, in. thickness and 
finally rolled to 6.100 in. thickness 


grinding. The mechanization of the powder-scarfing 
process has led to greater efficiency through the use of 
larger powder-secarfing nozzles. Whereas a 2-in. wide 
pass is produced by the manually operated equipment, 
it is now possible to make a 4-in. wide pass with a larger 
machine-borne powder-searfing nozzle. 

Powder washing is another powder process that has 
shown tremendous growth since the early days of in- 
ternal powder feed. Powder washing has proved to be 
an effective means of removing sand incrustations and 


penetrations from steel castings. For many years the 
steel foundries have been faced with a mounting short- 
age of chippers and apprentice chippers. In the search 
for improved methods of metal removal, steel foundries 
found some encouragement in the oxygen-trimming, 
searfing and gouging processes. There were serious 
limitations to these processes in that the reactions must 


be carried forward progressively, and the surfaces pro- 
duced were undesirably grooved with ridges at the inter- 
section between passes. The development of a washing 
operation, which permitted sideward movement over a 
wide area, led to the design of the present washing 
equipment. This high preheat capacity apparatus has 
an in-line head with a gouging type of nozzle equipped 
with preheat flames completely encircling the oxygen 
orifice. The addition of an external powder feed served 
to further stabilize the washing reaction and to increase 
the rate of metal removal to 2 lb or more per minute. 
The first demonstration of powder washing included 
the removal of a penetration from a keyway. <A pene- 
tration results from a breakdown of the sand mold in 
which the molten steel penetrates between the grains of 
sand in the mold and solidifies so that after the mold is 
removed this sand is held in a matrix of steel as a lump 
on the outside surface of the casting. This keyway 
which was 2 in. deep, 6 in. wide and 16 in. long, was 
completely filled with such a penetration. After 
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approximately | min of application, the reaction had 
been carried down through the sand and steel to the 
bottom of the keyway where the casting surface ap- 
peared as a darker surface in the reaction zone. At 
this point, the foreman who was watching the process 
very closely, personally took the blowpipe from the 
operator and washed out the kevway completely in 
about 15 min. Since the removal of such a penetration 
usually requires several hours of chipping, it is easy to 
understand the customer's enthusiasm for this process 
Since then, many successful demonstrations have been 
made in other steel foundries which led to a very rapid 


Fig. 5 Mechanized powder-scarfing stainless steel slab 
surface 
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hig. 6 Powder-scarfed stainless steel slabs 


eXPansion ol the new powder Washing process This 
process has also spread to other countries and is cur- 
rently being used in steel foundries all over the world 
Although the powder-cutting process was originally 
developed for cutting stainless steel, it was noted very 
early in the development stage that the process could be 
used in the cutting of copper, nickel, Hastelloy alloy, 
brass and even firebrick. Reinforced concrete has also 
been severed by the powder process In the removal 
of some concrete piers approximately 14 by 30 in., it 
was found that each required several hours of pounding 
with a heavy jackhammer. ‘The powder-cutting equip- 
ment was mounted on a machine in a position to make 
horizontal cuts and it was found that a I4-in. thick 
section could be penetrated at a progressive speed ol 
1'/» ipm, so that only 20 min was required for complete 
severing of each section. The action of the powder-cut- 
ting process in this case is primarily one of controlled 
melting with the source of heat supplied by the com- 
bustible powder. Higher temperatures were obtained 
by adding aluminum to the iron powder, and a single- 
tube attachment permitted the discharge of highe: 
powder flows and minimized the tendency toward clog 


ging or sintering. 


Several other noncombustible materials have been cut 


Fig. 7 Riser stub on steel casting before washing 
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and severed by the powder-cutting process, including 
In the 


produc tion of War material, it ls necessary to plan foran 


the serapping of bronze ship propeller blades 
adequate quantity of repair part Based on the prob- 
able life of a given stvle of vehicle, tank, plane or ship, a 
suitable quantity of spare parts is authorized for each 
unit As units are obsoleted by redesign for more efh- 


ment operation or are placed in “moth balls,” as in the 
ease of surplus ships, fewer supplies are required and the 
urplus quantity of propellers, et« Was marked tor 
scrapping. The demands for material to make new 
propellers of different pitch or size, of hape, 
enused many material expediters to seek an economical 
means of reducing the large manganese-brouze pro 
pellers in the serap piles. In order to remelt large three- 
bladed ship propellers, it is necessary to remove two 
blade idjucent to the hub to meet the size limitation ot 
the remelt furnace openings Phe propeller blades vary 
in size, ranging up to 6 or 8 in. maximum thickness and 
and 30 to 40 in. wide along the line of cut Various 
methods were used including chipping, drilling and 
blasting, and are melting, but in all eases the severing 
time Was excessive Powder cutting wus introduced 
and it was demonstrated that these sections could be cut 
by machine ata great saving in labor and material, 
There have been similar jobs of reducing serap man- 
ganese-bronze flywheels \ 4-in. thick wheel required 
two days operating time and 10 power saw blades to re- 


duce the material to furnace charging size A $-ton 


casting contamimg $2000 worth of metal, 9 to Tl om 


Fig. 8 Casting shown in big. 7 after washing 
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Vig. Powder cutting reinforced concrete 


thick, can be powder cut ina fraction of this time, and 
requires only $130 worth of labor, gas and powder in the 
manual reduction of the material to charging size. This 
operation has now been mechanized and requires only 
$200 worth of consumable materials and labor to reduce 
seven tons of manganese bronze 

Inconel, Monel and nickel slabs up to 6 in. thiek are 
being cut at a minimum speed of 4 ipm, using aluminum 
and iron powder mixtures, single-tube attachments and 
standard cutting blowpipes on. straight-line cutting 
machines. 

The ability to obtain flying starts with the powder- 
eutting and searfing processes has led to the use of 
powder starting in production cutting of carbon steel, 
The heat transferred from the burning powder particles 
makes it possible to eliminate the preheating period 
normally required to raise the starting edge to ignition 
temperature. Powder starting is now used in mecha- 
nized cutoff operations on rounds and round-corner 
square bars where previously the preheating period 
amounted to between 15 and 25°) of the cutting evele 
For these operations a powder attachment is added to 
the billet cutting setup and the powder flow is limited to 
a very short period, timed to coincide with movement of 
the nozzle over the starting edge of the billet. The 
powder flow is shut off for the remainder of the cutting 
eyele. This use of powder starting means more pro- 
duction per unit of labor and a lower cost per cut and 
also consistency in starting with multiple blowpipes. 
Powder starting has been applied to multiple-blowpipe 
installations in slicing 13- to 28-in. diam tapered ingots 
with 6 cutting blowpipes, and even to 10-blowpipe 


shape-cutting machines operating on carbon steel plate 


Fig. 10) Cutting skullin line with track support 
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One of the major uses of powder cutting today is in 
the reduction of skulls, spills and salamanders to furnace 
charging sizes. The continued high rate of steel pro- 
duction has placed a premium on heavy melting scrap 
Until recent vears, low vield or difficult-to-cut sections 
were dragged out to the slag dump and buried. The 
only tool then available for the reduction of these 
sections Was the oxygen lance. The cost of lancing 
including pipe, oxygen and labor—frequently exceeded 
the value of the material being reduced. Heavy cutting 
blowpipes capable of severing sections up to 6 ft thick 
were combined with suitable cutting machines and rig- 
ging to form scrap reduction units. These installations 
have met the demand for faster, safer and more econom- 
ical methods of preparing heavy melting scrap. A high 
proportion of this material has surface or subsurface 
slag which interferes with progressive cutting. [ron 
powder was introduced as a means of overcoming these 
oxidation-resistant materials. However, the most 
effective method of overcoming external slag was found 
to be the use of a mixture of aluminum and iron powder. 


Fig. Il) Powder lancing through concrete 


experience has also shown that higher production in 
these heavy scrap-cutting operations can be achieved by 
providing a sturdy cutting setup. There have been al- 
most as many different heavy cutting set-up designs as 
there are installations since each reflects the individual 
requirements of location, type of material, handling 
facilities, furnace charging size limitations and desig 
interpretations by local personnel. The most popular 
skull-eutting rigging consists of a heavy-duty cutting 
machine carriage with a 6- to 8-ft long arm pivoted on a 
turret base directly over the center of the carriage 
The heavy cutting blowpipe at the end of the arm is 
counterbalanced by a weight at the other end so that it 
can be rapidly positioned at the desired line of cut over 
skull sections. ‘Track supports have been made in 
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manv forms, ranging from fixed structural frames t« 
gantry or bridge units 

{nother method of mounting the track involves a jit 
boom support hinged from a center post Variations of 
this have been made with a side rail or wall-type cran 
for supporting the operating platform \ recent im 
provement used on several of these inst illations 
turntable mounting for the cutting machine track 
enables the operator to make successive cu 
different planes so us to reduce the skull to chargu v 
size Without repositioning the material 

Cost studies of skull-cutting operations im several 
Stee | mills have shewn that the ave rage cost ot re clue nig 
heavy melting scrap to furnace charging size ranges 
trom $2 50 to $5.00 per ton 

The maximum section that can be oxvgen cut cle yo nds 
upon uniformity of the material and its COMpositlon 


\ cast-iron press base 48 in. thick, S ft wide and 12 ft 


long was cut up into four sections, using a C-45 blowpipe 


and powder attachment Armor steel ingots weighing 
538,000 Ib, having a section 60 to 66 in. thick hy tt 
wide, were reduced to forging size with a C-45 blowpipe 
Vhe thickest section that has been cut ieccording to 
available records, Was an extremely large ladle button 
that was 96 in. thick at the maximum point In cutting 
this material it was necessary to use a lance in order to 
clear the bottom of the kerf as the cut progresst d 

The powder lance is one of the most recent powder 
process developments. [tis a combination of the deep 
penetrating oxygen lance with the de pe ndable reaction 
supporting properties of the powder processes hie 
air-conveyved powder is added to the lance oxygen at the 
lance pipe holder and both flows are controlled by shut 
off valves operated bv a single lever 

The powder lance is primarily a piercing tool al 
though it can also be used to produce i slot throug 
various materials. [Tt has been found that powder lance 
holes can be pierced through conerete, cinder bloc 
cast Iron, converter kidnev sections slag aluminum and 
copper 

The piercing speed depends upon the size of pipe, oxy 


gen pressure and type of powder Mixtures of alumi- 


num and iron give the fastest operation Che list of 
iccomplishments ittrifbuited to the powder lanee in- 
cludes 

lapping packed nder motche in blast) turnaces 
follown yg the prolonged 1952 steel strike Many ful 
ices Were returned to operation by appreximately 30 


min powder lancing as Compared to 12-hr drill 


and plereing ith a straight oxvgen 


Concrete ind brick valls, 3 thick Were powder 
laneed through in lO min using 3 lengths of ' In. pipe, 
ts compared to 23 min and LO lengths ot In. pipe for 


strnight oxvgen lancimeg 
salamander ipped from a blast furnace by 


piercing a t-in. diam hole through 15 ft of eonerete, re 


Practory slag and cinder in 26 mi \pproximately 
325 tor ot molten pig ron and lng were drained from 
thre powdel lance hole tupping operation Con 


sumed 770 ft of lance pipe and LOO Ib of powdet 
Another silamandet Viis tapped iil nbout the Sime 
time in another section of the country In this case 250 


tons of molten material were drained off through a hole 


pierced with SOO ft ot in. lance pipe and requiring 2 
hr 15 min laneing time No powder was used in this 
SUVIVIARY 
view of the prowre vhich made with the 
powder-cutting proce nee wr meeption, itis logical 
to expect that there Il be eve vreater advancements 


made through the development of new applications and 
improvements of older and well-established apphiea- 
The powdes eutting proce vill continue to 
grow according to the growth of the stainless steel pro- 
duction in this country, and also as it plavs a part in 
providing material required ino the manufacture of 
ferrous and nonferrous material During the next 5 
veurs, It is anticipated that the powder processes will 
double thie extent ol and cope ol Opera 
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Quarry Maintenance 


® A paper on quarry maintenance covering 
a variety of jobs and maintenance problems 


by J. Dean Davidson 


Hit Davidson Granite Co. produces both building 
and crushed stone Therefore, our operations em- 
brace those problems common to both the crushed 
stone and the dimension stone industry. As would 
he expected, the type of operations and processing equip- 
ment are not all similar. Crushed stone production re- 
quires the maintenance of electric and Diesel shovels, 
crushers and screening equipment, while the dimension 
stone work requires that gang saws and other shaping 
and finishing equipment be kept in first-class operating 
condition. 

In outlining and summarizing some of our more 
common oxy-acetylene maintenance jobs, we find that 
most of them can be classified under the following three 
headings: 

Heavy heating with the oxy-acetylene flame, oxy- 
acetylene welding and those jobs in which the oxygen- 
cutting processes are involved. In the illustrations to 
follow we have grouped the jobs illustrated under these 
classifications. The first grouping to be illustrated is 
heavy heating. 

Figure 1 is a general view of one of our Northwest 
Type 80D, 2 '/s-vd capacity shovels used on the floor of 
the quarry for loading. These shovels are subjected to 
very heavy usage, particularly in sweeping the quarry 
floor at the edge of the muck pile. In this sweeping 
operation there is tremendous lateral stress on the two 
dipper sticks that can be seen here supporting the 
dipper. Asa result, these dipper sticks become bent, in 
spite of their heavy construction. Through the use of 
oxy-acetylene heating or more properly “flame shrink- 
ing,’ these bent “sticks” are straightened right in place 
with a minimum of lost shovel time. 

Before starting of the operation in straightening the 
dipper stick the operator stretches a line to determine 
the extent and point at which the sticks are bent. Bow 
in these dipper sticks results in loose motion making 
accurate control of the dipper or bucket impossible, thus 
resulting in lower shovel efficiency. The dipper sticks 


. Dean Davidson is General Manager of the Davidson Granite Co. (Stone 
Mountain Grit Co.), Lithonia, Ga. 


Presented at the Annual Meeting of the International Acetylene Assn., 
Atlanta, Ga., Apr. 13-15, 1953 
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Figure l 


are in reality steel box beams, measuring 6 by 12 in., 
fabricated of welded 1-in. thick steel plate. 

After the operator has picked out the point of the 
bend from the stretched cord he marks out the point 
at which heat will be applied. This marked area is 
really vee shaped with the apex of the vee being on the 
We have 
found that heating an area the size of the one marked 
'/oin. Tf less than this 
bend is required, we reduce the size of the section to be 


inner side of the top and bottom of the beam. 
will straighten the stick or beam 
heated proportionately. Lf more bend is necessary, we 
mark off additional vees and heat them as required 

In Fig. 2 two operators are heating the marked out 
section. The vee shape of the heated area can easily be 
seen here. Both operators are using heavy multiflame 
heating heads with a number of small flames on each 
heating tip rather than a single large flame port as is 
Notice that the 
long side of the vee-shaped heated area is toward the 


usual on standard oxy-acetvlene tips. 


outside of the bend. This method of straightening does 
not depend on jacks or physical force to straighten the 
member, but depends on the contraction of the metal 
after heating. The long side of the vee-shaped area be- 
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Figure 2 Figure 4 


ing toward the outside (convex side of the bend) con 
tracts more than the apex side of the vee and con 
sequently the outer or convex side of the stick is short 
ened when cooling is complete After this heated 
section has cooled, the operator again rec hecks the stick 
with plano wire ora cord stretched tight and repeats this 
procedure at the needed pont One, two or even thre 
heats may be required to straighten a very badly bent 
stick 

The average time required to bring the section out 
lined in chalk to a red heat is 6 to 8 min, after which the 
beam is allowed to cool normally in air. [t is important 
to use relatively large heating heads in this type ol 
operation to confine the heat to the chalk-marked areas 
before appreciable amounts of heat can spread to ad 
jacent parts of the beam. The inside surface of the 

‘ beam is not heated at all 

The operators have nearly finished the heating opera 
tion in this view (Fig. 3) with only a little heat still re 
quired on the top and bottom of the stick 

The total time on the average job requiring the 
straightening of both sticks is approximately 3 hr, for 
an oxy-acetylene operator and helper. This time can 
be fitted in easily any time a shovel ts idle, since no dis 


mantling is required. Minimum downtime and max- 


Figure 3 higure 7 
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Figure 5 


imum shovel efficiency are the goal of every quarry, and 
flame shrinking helps us to achieve both. This 
straightening work is a standard operation in our 
quarry 

higure 4 is a flame-shrinking job of a different and 
heavier type. ‘This view shows an eccentric or pittman 
shaft for a 24- by 36-in. Traylor Jaw crusher. This 
shaft measures 13 in. in diameter and is approximately 
10 ft long, weighing | '/,tons. The shaft becomes bent 
under heavy crushing conditions and must be straight- 
ened or replaced, The operator here has the shaft in a 
lathe and is marking out point of bend, 

The point of bend has been determined and the area 
to be heated has been marked. This shaft is bent about 

, in. and will require 38 heats of the area shown for 
straightening. 

higure 4 shows the operators heating the marked out 
area. Again two heavy multiflame heating torches are 
used, It takes approximately 15 min to bring the are: 
marked to a dull red heat (1500° F), 

We have found that it is best to heat and then allow 
plenty of time for the shaft to cool naturally. Standard 
practice is to heat once a day, although when rushed, we 
have made heats every 4 hr. Three heats straightened 
this shaft to within twenty thousandths, which was 
within the required tolerances. Again no physical force 
was applied in this straightening work, the contraction 
of the metal in the heated area pulling the shaft true. 

Figure 5 is still another flame-shrinking job. This 
view shows the Pittman rod or connecting rod on a 
Lincoln Granite Gang Saw. In producing dimension 
stone, the granite is removed from the quarry in blocks 
approximately 6 by 6 by 14 ft. Sueh a block is shown 
here in the gang saw. ‘The gang saw cuts this block in- 
to finish slabs. The gang saw is equipped with blades 
and hardened steel shot is poured into the slot or kerf to 
produce cutting action. Average sawing time on such a 
block is 12 hr. The connecting or Pittman rod trans- 
mits the reciprocating or sawing motion to the saw blade 
cradle or frame. ‘This Pittman rod is in reality a heavy 
I-beam measuring 15 by Sin. Sometime ago this beam 
bent approximately 3 in. out of line. 


Figure 8 
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Figure 9 


Figure 10 


Figure 
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Using the same vee-shaped heats, as previously de 
scribed for dipper stick work, this beam was straight- 
ened ina few hours using a total of 3 heats The heated 


areas can be seen in Fi i) 


In addition to “flame shrinking’ we use heavy heat 
ing for a number of jobs Figure 7 shows the mantle for 
a 36-1n CGyratory Crushet The operators are getting 
ready to zine the mantle to the bell The housing is be 
ng heated to remove moisture and gasses which would 
cause porosity in the zine when poured 

operators “are bending an “eye” Oh a Plece 
of shafting for a breakdown job On breakdown work 
we have found oxy-acet viene heating invaluable for 
shortening the downtime. ‘The operators will have this 
‘feye”’ shaped and back on the job before the forge could 
be lighted 

Figure 9 shows a portable hydraulic power press 
rigged to press the drive sprov ket shaft from the 
sprocket of a Northwest SOD Shovel Sometimes the 
job ts too heay v for a portable press 

The quick heat from the oxv-acetvlene flame expands 
the hub of the spror ket wheel before heat can soak into 
the shaft and the shaft is easily pressed out 


Oxy -acetvlene braze welding also plays its part in oul 


maintenance operations | igure 10 shows an operator 
gouging out a crack in a Pittman cap preparatory to 
braze welding. These caps fit on the large eecentris 
shaft shown in the Previolls slides These eaps are 


water cooled and when the jackets crack the cap must 
be braze welded before re-Babbitting 

The oxy-acetylene gouging process provides fast easy 
way to vee out these cracks both outside and inside on 
the Pittman cap work. 

The operator shown In hig Ll is brazing the cap 
\ftor braze welding the cap, the jacket is tested at 65 Ib 
water pressure before proceeding with re-Babbitting 


Figure 12 shows the operator braze welding a cracked 


eccentric housing By the use of braze welding for 


Figure 12 
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higure 13 


maintenance and repair, we are able to keep our stock 
ol spare parts to a minimum a id still operate without 
downtime waiting for spare part 

The oxy-acetyvlene cutting processes play their part in 
the maintenance work required to kee )) the plant rut 
Hing smoothly The oxv-acetylene gouging Process 
already been illustrated on a Pittman cap job. Figure 
13 shows an operator trimming a churn drill bit. These 
bits are used to drill the 6 diam holes 60 tt deep 
required for our primary blasting. The inner courses 
or muck passages gradually close under repeated sharp 
ening The courses here are being trimmed to proper 
contour and depth 

The bits shown in the previous illustration are 
screwed into a heavy drill stem hese stems are sub 
ject to cracking and breakage at the point just above the 
bit under the constant abuse of drilling \ standard 
practice in our maintenance department is to are weld 


on a new box joint end after preparing the stem by oxy 


acety lene eutting 


Figure lf 


igure 14 show thre operatlo 


omple ting one of thre 


twocuts required to get a chisel pomt After both side 


are heve led simul iv fashion the elding completed 


sand the stem put Into spare part 


Shown in Fig. 15 are liners used on the machines that 


sack the poultry grit) produced in our plant ‘These 
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Figure 15 


liners are subjected to extreme abrasive wear and re- 


quire periodic replacement. ‘These liners are first cut to 


approximate size with the oxy-acetylene flame. 

Because of the close tolerances required the liners are 
then stacked and swung ina lathe for machining to final 
dimensions. ‘The fabrication of these liners in our own 
shops has resulted in substantial economies in the main- 
tenance of these sacking machines 

As a final illustration of how we use oxy-acetylene 
cutting processes in our maintenance, these two illus- 
trations show the oxygen lance used for removing a shaft 
“frozen” in this spudding gear from a 27-T Bueyrus 
Well Drill 


hydraulic press and oxy-acetylene heating. For those 


This shaft resisted all efforts with a 


not familiar with lance technique, we will describe the 
operation briefly. The lance itself consists of a length 
of */,-in. steel pipe hooked up to an oxygen regulator 
with a length of standard */,-in. oxygen hose. A valve 
on the inlet end of the pipe controls oxygen flow. In 
Fig. 16 the operator is using a cutting blowpipe to bring 
the end of the lance pipe and a small spot on the shaft to 
a red heat. When this is accomplished, the lance opera- 
tor slowly opens the oxygen lance valve. 

The oxygen stream from the lance bores a hole 
through the center of the shafting as the lance pipe is 
advanced, Some of the lance pipe is consumed in the 
operation. After the hole is lanced through the length 
of the shaft, the shaft is cooled and easily removed. 

Figure 17 shows the size hole lanced in the shafting. 
This method eliminates the danger of damaging the bore 


Figure 17 


or keyway on the gear proper. The entire operation 
shown here took only a few minutes. 

In the space allotted, it is obviously impossible to give 
a complete picture of the oxy-acetylene operations per- 
formed by our maintenance department. However, 
the figures shown do give some idea of the variety of jobs 
handled and the economies that can be realized by the 
full utilization of oxy-acetylene processes in quarry 
maintenance. 
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WELDER AND DESIG! 


Tailors in Steel to Canadian Industry 


by I. Mac Fadden 


UILT BY JOHN INGLIS” 


ring of familiarity for everyone in Canadian 


four words with the 


industry. They are to be found on countless 
pieces of equipment and installations im every 
basic industry throughout the country, ranging from 
small pumps, giant fractionating towers, to complete 
paper mills 
John Inglis Co. Ltd., Toronto, Ont., actually com- 
prises many specialized industries, with comprehensive 
engineering and manufacturing facilities for the com- 
plete designing, construction and installation of one of 
the widest ranges of heavy industrial equipment 
handled by any one firm in Canada 
In the General Engineering Division of the company, 
the production of boilers, compressors, air conditioning 
and refrigeration equipment, glass-lied tanks and ma- 
rine condensers are everyday matters. Here, too, are 
planned and constructed large, custom-built imstalla- 


I. Mac Fadden, Editor Liquid Air Re 
Air Co., Ltd., Montreal, Canada 


Fig. 1) Exterior circumferential seam being manually arc 
welded on Inconel lined mild steel digester cone, mounted 
ona revolving positioner 
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Fig. 2) Oxv-acetvlene flame cutting of heavy flanges from 
3. plate with multitorch automatic tirco Travograph 
machine 
tlons, stu h as dige ster heat exchangers, heavy special 


ized pressure vessels, papermaking machinery and huge 


hydraulic turbines for power plant tallations. In 
fact, the complete list of project pliarits equipped 
with John Inglis installations reads like a roll call of 
Canadian industry 

John Inglis has manufactured he muachmery for 
many vears, except during the recent war when the 


whole plant output was devoted to ir production 
During this period, the plant was considerably enlarged, 
and many of the mass production techniques developed 


during those years are how bemg utilized to produce uu 


Fig. 3) Spiral casing for hydraulic turbine being fitted and 


welded to speed rivig 


Inlet pipe tapers from 5 ft diam to approximately 8io When com- 


pleted this turbine will be shipped to an island in the South Pacific, 
and is typical of the installations built by Joho Laglis for export 


| 


Fig. 4 Special machine, designed and built by J. Inglis 

engineers, for spot weiding large stainless and Inconel alloy 

sheets to mild steel plates for subsequent fabrication into 
lined vessels 


from the United States. 


variety of consumer products. "This new division of the 
company, established after the war, markets domestic 
Washing machines, stoves, hot water heaters, evlinders 
for liquid petroleum gas and even fishing tackle and 
sporting arms. John Inglis’ products are also exported 
to many different countries. In addition to producing 
these highly diversified lines, John Inglis are presently 
completing a new plant at Searboro, outside ‘Toronto, 
for important defence production of marine steam 
turbines 


In the main plant, oecupying over half a million 


Fig. 5 Two massive all-welded flow valve bodies for a 
hydraulic turbine being fabricated from flame-cut parts 
Hundreds of pounds of cleetrodes were required for these weldments 


in which the material is up to 4 in. in thickness. In the background 
at the right, ar etylene heating torch is used to bend corner 
ion, 
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Fig. 6 Alloy layering of main seams of the Inconel lined 
digester shell, 11 ft 6 in. diam by 54 ft long with the firco- 
matic process 


square feet, with about 2000 employees, the Genera! 


engineering Division is superbly equipped with all the 
necessary production tools and facilities, Including row 
upon row of machine shop tools, a large sandblasting 
room, one of the largest stress relieving and annealing 
furnaces in Canada, and two exceptionally large plate 
shops. Fabrication of steel plate has long been a 
specialty at John Inglis, and the organizing ability, 
meticulous workmanship and progressive spirit of the 
plate division personnel would be a credit. to any com- 
pany. 


Fig. 7 Completed Inconel lined digester for the pulp and 
paper industry, entirely welded, X-rayed and stress relieved 
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This technique enables John Inglis to overcome recurrent shortages : 
of special steels by combining Canadian mild steel with alloy steel« a 
’ 


Fig. 8 Here the modern Argowelding process is employed 
for repairing a nonferrous casting 


{nother standard J. Inglis product, 80000-hva 


Fig. 9 
transformer tank with radiators, is readied for shipment 


to a new hydro installation. Tank and radiators are all- 
welded assemblies 


Plates are cut to size by portable Radiagraph OX 
acetylene cutting machines, or on a huge 40-ft edge 
planer, to ensure uniform fit-up and good joint prepara 
tion for welding. For flame cutting plates into irregu- 
lar shapes, a large multitorch Airco Travograph is con- 
tinually at work. Welders are everywhere the major 
itv using the manual metallic are process, others operat 


hig. 10) Tubing a marine condenser for the world’s largest 
freshwater tanker, the “Imperial Leduc” Condenser 
body was completely fabricated by manual are-welding 


process 


Ing automatic submerged melt machines and still others 
using the newer inert are processes of Argowelding and 
\ircomatie welding In fact, the pertection 
technique and procedures for the Atreomatic welding of 
stuimless teels, the Joh Inglis Co ith customary 
nitiative, is one of the most progre 
either Canada or the United State At the present 
time it is manufacturing stale teel pressure vessel: 
that probably are among the first to be fabricated with 
the proces Canada (oxyvven nnd 
acetvlene ire distributed throug! out the plate shops hy 
internal pipe linve the ox veen being upplied by A.’s 
bulk supply trailers, and the acetylene from a generator 
installation 

With its extensive engineering “know how,” large- 
scale production facilities, and pride of craftsmanship, 
John Inglis undoubtedly will continue to advance still 
further in the forefront of heavy industry in Canada 
Well deserved is the respect John Inglis has earned for 
undertaking many tough jobs turned down by other 
engineering firms, and converting each into another 


achievement “Built by John Inglis 
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braze Welding to the Rescue 


by L. M. Smith 


HILDREN’S toys get rough treatment. This fire 

engine had a broken angle support between the rear 

frame and the hand-hold ladder support. Left un- 

repaired, the thin tubing would bend easily and the 
little vehicle would have been seriously damaged. But 
braze welding came to the rescue and the fire engine was 
quickly and easily repaired. Now the young man is 
ready for more “alarms.” 

There are a few fundamentals to remember if your 
braze weld is to be strong enough to withstand hard 
usage. Clean both edges of the break thoroughly, re- 
moving all paint, rust, dirt and grease. You can do a 
yvood cleaning job with a file or a wire brush. If the 
metal is thicker than , to? 16 in., bevel the edges to 
proy ide a good welding vee 

Now heat the edges until they just begin to glow, At 
this moment, flow on bronze so that it tins the surface 
and runs down into the break. More rod metal should 


be added until the weld has been built up slightly 
higher than the surface of the part. When adding rod 
metal, make sure the molten bronze fuses thoroughly 
with previously deposited rod metal. 


L. M. Smith, Linde Air Products Co 


Fig. 1 A file and a wire brush were used to clean dirt and 
paint from both edges of the break which can be seen at 
the angle of the bracket 
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2 After tinning the edges with bronze, the weld was 


finished with extra metal for reinforcement. Oxweld flux- 


coated 25M bronze rod was used 


Fig. 3 The finished weld can be seen near the left rear 
wheel. Now this junior fire chief can play as hard as he 


wishes. The braze weld will hold 
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aetivities 


related events 


1954 SPRING MEETING 
AND EXPOSITION 


Importance of Making 


Early Reservations 


The National Spring Technical 
Meeting of the American Wenpine 
Socrery will be held it Suffalo 
N. ¥ Puesda Ith throug! 
Frida May 7, 1954, at the Hotel 
Statler which wil « the AWS 
Headquarters Hotel 

iviine room reservatior 
orms Will be mailed to ever AWs 
Member and contracted exhibitor 
on Dec. 1, 1953. In order te 

mmodate exhibitor 
ments, the Housing 
must give first consideration to 


dubitor companies request lor 
Headquarters Hotel parlor suite 
weommodations and to paper Au 
thors and Session Chairmen for 
room accommodatior san 
equests will be difficult to fulfill 
Double or twin-bedded room re 


e room 


quests will be processed faster 
We suggest team-up irrange 
ments from the standpoint of as 
sured accommodation and economy 
The Housing Committee will review 
ill room reservation applications 
starting February Ist No. firm 
acknowledgments for accommoda 
tions will be made prior to Febru 
ury 15th All applicants are ad 
vised to 


Date mark their application 
form 

Fill in answer to each ques 
tion 

Name all who will oecup 
rooms 

Designate vho will occupy 

Same room 


Speci date and hour of 

both arrival and departure 

f Specify accommodations re 
quired 

Designate Socrery status 
eorrect 


Failure to provide requested in 
formation can only result in delay 
ind possible re ulting loss of wssured 


wecommodatior 


Applications will be honored on 
basis of date received. We urge all 
Members to ther ipplie ilions 
completely filled out to National 
Headquarter return mail, Those 
residing more than 500 miles away 
should send their 


\I il 


lover effort will be made by the 
SocreTy to accommodate all who 
ippl But the rule of “first come 


ipplie ations b 


first served the only fair rule 
that can ipply 


The AWS Welding and Allied 
Industry Exposition will be held at 
Suffalo, N.Y We Mesday, May 5th 
through Saturda Miav &. 1954. at 
the Buffalo Memorial Auditorium 


Data including exhibit floor 
plans, option-ior-space forms, space 
prices, exhibit hall facilities, ete 

vill be mailed to the Industry 
Nov 1053 wit! request that 
industry send us its requests with 
covering option on first, second 
third and fourth choice of Space 
The Committee vill begin space 


issignment ind send out Space 
Contract forn to all applying 


starting Dee. 15, 1058 

Watch the columns of Tut 
Wenping JourNAL exch month for 
important announcements and Ter 
tative Program 


Wooding Wins Lincoln 
Gold Medal for 1953 

The National Committee on Awards has 
selected Walter H. Wooding as the recip 
ient for the 1953) Lincoln Gold Medal 
Award for his) paper oon “Inert-Gas 
Shielded Metal-Are-Welding Process 
This paper was presented as an educa 
tional lecture series at the Annual Meet 
ing of the AMERICAN WELDING SocreTy in 
Philadelphia during the week of October 
20, 1952, and was published in the April 
and May 1953 issues of Wetping 
JOURNAI 

Walter H. Wooding was born in Phila 
delphia, Pa., on Mar. 12, 1910, son of Capt 
Walter Wooding, U.S. Marine Corps and 


Kathrvn Reynolds Wooding In addition 
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to the public schools of Philadelphia and 
Fredericksburg, Va., he attended Staun 
ton Military Acaden Phe United State 
Naval Acaden ind graduated from the 
Drexel Institute Pechnology in) Me 


chanical Eengineerir 


He entered the Naval civilian service in 
1929 being employed in the Metals Labora 
tory of the U.S. Naval Engineering Experi 
ment Station, Annapolis, Md., where he 
held various positions from Lahorator 
Helper to Physicist In 1939 he transfer 
red to the Industrial Test Laborutor ol 
the Philadelphia Naval Shipyard as Plant 
Control Metallurgist During 1941, he 
wis ippornted supervisor of the Metal 
lurgical Engineering Group of the Labora 


tory ind, two vears later became Superin 


Society Activities and Related Events 


Walter H. Wooding 


tendent of the Metals Section directing 
development ind investigational 
ects concerned with the processing, fab 
nication ind welding of hull materials 
used for Naval construction From 1941 
to 1943 he is in Instructor in Ad 

mced Metallurg it the Temple Uni 
versit hive ning Technical School, Phila 
delphia, Pa 


Since entering the field of Metallurgy 


nearly 25 vears ago, he has authored a 
number of technical papers on the process 
it welding « etal Most of these 

vere meerned with the metallurgy of 
ing low-allo tent und, the develop 


application of low-hydrogen 
Ihe has appeared 


i penker belore Navy ind 


technical sect ind) organiza 
to In 1946, he pore ented a paper on 
Phe Hardened and Tempered Miero 
tructure of High-Soeed Tool Steel as a 


Factor in Tool Performanes it the annunl 
meeting of the Ame in Society of Me 
chanteal bungines At the annual meeting 
of the Compressed Cis Association in 1951 
he presented @& paper on Phe Utilization 
of Tnert-Crase or Metal-Are Welding 


He delivered an address on ‘“Carburizing 


Nitriding, Induction Hardening and Flame 


Har jening of S eel before de legates to 
the Department of the Nav 1952 Forge 
Practice Conference held at the Boston 


Vaval Shipvard 
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During the past ten years, Mr. Wooding 
has served on numerous Military and 
Civilian metallurgy and welding com 
mittees, He was Chairman (1945 46) of 
the Department of the Navy's Bureau of 
Ships Laboratory Committee on the Weld 
sbility of Steel, and served on both Army 
md Navy Advisory Committees for the 
Welding of Armor More recently he has 
served on the Nickel Conservation Panel 
of the Minerals and Metals Advisory 
tjoard, National Research Council, and 
w a member of a Project Advisory Group 
of the Ship Structure Committee 

Mr Wooding is a member of the Ameri- 
can Society for Metals and the American 
WELDING Sociery He is a Professional 
Metallurgieal engineer registered the 
Commonwealth of Pennsylvania. He is 
married to the former Dorothy Cloud 
Worrilow of Ridley Park, Pa 


Inspection Trips 


Members visiting Cleveland will be 


given an opportunity to choose between 


Previews of Visit to Cleveland Tank Plant, Cadillac Motor 
Car Division G.M.C. 


two plant visits, one to the Cleveland Tank 
Plant of Cadillae Motor Car Division, 
GMC, and the other to the Euclid Road 
Machinery Co 


The visit to the Cleveland Tank Plant 
of the Cadillae Motor Car Division re- 
quires Visitors to have proot of American 


Citizenship and is limited to 75 persons 


The visit to the Euchd Road Machin- 


ery Co. is open to all 


The visit to the Euchd Road Machin- 
ery Co, will include a trip through the 
plant showing trucks and tractors being 
assembled on a moving line and the test- 
ing of these machines on power-driven 
test rollers The trip will also include a 
tour through the Machine Shop and Strue- 
tural Shop where the welding of bodies 
and frames is done on turning positioners, 
Completed machines of various types will 


also he Seen 


The visit to the Cadillac Cleveland Tank 
Plant, recently rehabilitated, will show 


how welding has played a large part in 


Poised and ready for action is the frmy’s newest fighting 


weapon the T4l El Walker Bulldog 


The final assembly line loaded with tanks. The TI41, 


Gun Motor Carriage, is also assembled along the same line 
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the modern production miracle. In fact 
there are more people engaged in welding 
at the tank plant than in any other sing! 


job classification. 


The actual production welding is done 
on ‘“‘merry-go-rounds These are simi 
lar to convevors in that they bring the 
work to the man rather than having the 
man move to the work, The tack welded 
turrets and hulls are placed in positioner 
which move from one station to the 


on a conveyor belt. 


After the hull is welded it is sent to the 
24-in. Betts boring mill where the turret 
race is machined. From there it goes to 
the Wean drilling machine where LOO 
holes are drilled simultaneously It then 
moves to the Wean grinding machine 
where the area around these holes is ground 
to uniform size 

These operations and many others will 
be seen by WELDING Socrery members on 
October 20th when Cadillac will open its 


doors to the group. 


1 Quick Look at the Sights to Be Seen on Visit to Euclid 
Road Machinery Co. Plant 


50 Ton rear dump Euclid on earth fill dam project 


issembly line production of 22 ton rear dump Euclids 
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A deposit of Hastrectoy allov on 
the cutting edge of this shear blade has increased 


its life by four time Lhe edge can be rebuilt again 


HOT ind again. when it finally does wear 


SHARP e ewhen Hard-Faced with HASTELLOY Alloy C 


TRADE-MARK 


” This shear blade is used in a plant producing tough non-ferrous 
alloys. Before hard-facing was adopted, the blades would chip. lose their edge. and 
have to be scrapped after shearing only about 50 tons of metal. They now can handle 

PI 
roughly four times that amount of metal because they are protected with Hastrentoy 
alloy €. They can be machined and hard-faced again when they finally do wear, One 
set of hard-faced blades has been in use in the plant for more than three years with 
periodic maintenance. 
In steel mills, too. Hasrectoy alloy € has increased the life of blooming mill shears 
by as h as times Hard-fac ed ides have lasted | 10) turns without 
Hasret.oy alloy € rod has also been applied to many other hot-working parts with 
outstanding success. The metal flows well by metallic are welding or Henane welding 
without preheating. No peening is necessary. Deposits of Hastentoy © work-harden 
in service. They can be machined by conventional methods 
kor information on how to apply allov € to hot-workineg parts. write 
fora copy of ‘Hayves Hard-Facing Manual For on-the-job help in ipplying the rod, 
get in touch with the nearest District office 
Haynes Stellite Company 
A Division of 
_,) 4. Union Carbide and Carbon Corporation 
t 
UCC) 
RADE-MARI General Offices and Works, Kokomo, Indiana 
2 Sales Offices 
> Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York —San Francisco— Tulsa 
i Carbide and Carbon 
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SHEAR 
STAY 


PRODUCTS 


Conductivity Test 


Introduction of the Magnatest FM-100 
Conductivity Meter has, by permitting 
rapid measurement, made the physical 
property of conductivity a practical and 
useful industrial tool, ‘The need for wire- 
like samples or cross sectioning of parts is 
elimmated, The FM-100 gives absolute 
conductivity measurements of nonferrous 
conducting materials directly from a large 
dial on the front of the unit An operator 
merely places the simple hand probe on a 
part and reads the dial. All that is re- 
quired is a relatively flat area about °/, in 
in diameter on which to ple « the probe 

The other general category of applica 
tions depends upon the relationship be- 
tween conductivity and other physical 
properties. Magnaflux Corp., 7300 W 
Lawrence Ave., Chicago 31, Il. 


Eutectrode 69 


Particularly recommended for the join- 
ing of light sections of low- and medium- 
alloy steel and stainless steel Types 301, 
302, 320B and 303, new LuteeTrode 69AC 
and 690-DC featuring superb usability 
characteristics has been announced by 
eutectic Welding Alloys Corp., Flushing, 

These new developments, the manu- 
facturer reports, offer greater alloy deposi- 
tion per eleetrode, produce smooth run- 
ning deposits of excellent appearance and, 
in addition, permit swift, easy slag re- 
moval 

New EuteeTrodes 69AC) and 690-DC 
are available in the following sizes 

and For further techni- 
cal data, prices, ete., write to Department 

Kuteetic Welding Alloys Corp., 
72nd St. and Northern Blvd... Flushing 


Automatic Welding Head 


A new and vastly improved Model 944 
automatic welding head has been placed 
on the market by the Mir-O-Col Alloy 
Co,., 312 North Avenue 21, Los Angeles 
31, Calif 


Control of both welding head and posl- 
tioner operation is automatic in the 944, 
as well as the high-frequency pilot circuit, 
if one is used The electromechanical 
control circuit is designed to stop both 
head and positioner automatically if are 
is broken or electrode sticks to the work- 
piece, A control euts off high-frequeney 
unit when are is established. The motor 
drive is electrically independent of posi- 
tioner and welder power supply. 

The feed rolls on the welding head are of 
hardened steel and adjustable for both 
solid and tube wire and they accommodate 
any rod size from '/, to '/, in. in diameter, 
Hold-down roll has integral tension arm 
eliminating springs 

The unit is designed to operate with any 
positioner or transformer; maximum cur- 
rent capacity is 2000 amp 

A multicolored bulletin describing the 
944 automatic welding head and posi- 
tioner in full detail is available upon writ- 
ten request to the Mir-O-Col Alloy Co., 312 
North Avenue 21, Los Angeles 31, Calif 


Low-Hydrogen Electrode 


Weldbest SOI6 is a new low-hydrogen 
type electrode with 3% nickel in the weld 
deposit designed for a-c and d-c reversed 
polarity welding. Charpy impact tests 
at —150° F gave the following results 

(a) Noteh in the weld, ft-lb 24.0 

23.0 and 22.5 
(b) Noteh in the heat-affected zone 
ft-lb: $2.0, 29.5 and 33.0 

Further information and samples on re 
quest from Weldwire Co., Ln N. W 
corner Emerald & Hagert Sts., Philadel 


phia 25, Pa 


Fleetweld 180 


A new electrode for all-position welding 
with a-e or d-c, Fleetweld LS8O0, has been 
developed by the Lincoln Eleetric Co. of 
Cleveland, Ohio. It is specially designed 
for people who are not professional welders 
but who do repair work or other intermit- 
tent welding jobs. Welders who exper 
ence difficulty in welding overhead and 
vertical will find this new electrode help- 
ful. It has fast-freezing characteristics 
and creates little slag to interfere with the 
are and crater when welding vertically 

Fleetweld 180 is designed for use with 
the low open-circuit voltage, limited input 
a-c¢ transformers type welders which have 
become so popular on farms and for main 
tenance welding. It can, of course, also 
be used on all other types of welders. It 
is well suited for welding of galvanized 
material or for welding of rusty, dirty or 
lightly painted material. The penetration 
is deep both with a-e and d-e and, when 
using a d-c welder, either polarity can be 
used, 

The new electrode is being manufactured 


in two rod sizes: '/. and ® in 


ington, 


Welding Engineers: Two responsible positions are 
available for outstanding men to do fundamental and 
applied research work in the following fields: 
(a) Insert gas welding, resistance welding, and 
mechanical aspects of joining. 
(b) Soldering, brazing and gas welding. 
Several years’ experience in welding research would be 
an asset. Living conditions are excellent and salaries 
commensurate with ability. Send details of scholastic 
and industrial experience to Joining Department, Divi- 
sion of Metallurgical Research, Kaiser 
Chemical Corporation, P. O. Box 1451, Spokane, Wash- 


Aluminum 


Advertising Rates 


Effective March 1, 1953 
Two-thirds Page........ 
One-third Page........ 
Quarter Page.......... 
One-sixth Page........ 
Eighth Page........... 
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(Full Page). ......... 
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who invented “Low 
Temperature Welding Alloys?’’* 


The development of this new 
type of welding rods and 
electrodes is based upon the 


) principie of “surface alloy- 


ing” adapted by J.P. H. 
Wasserman in 1906 to bond- 
ing below fusion heat of any 


160 
different 


base metal. Research was 
continued by his son, Rene 
D. Wasserman, which resulted 


You wouldn’t use a steam shovel to while at the same time in Eutectic’s new process of 


dig for bait—why waste valuable time, avoiding the stress, 
labor, and materials trying to make one warpage, distortion, 


welding, giving superior 
bonds at temperatures for 
below the melting point of 


welding alloy “do” for a multitude of embrittlement and weld the base metal ‘ 
different kinds of joints that demand failures that conventional high- heat Today, these world famous welding alloys , 

specific “tools for the job”? methods invite. are used in over 78,000 plants in America : 

and are sold and serviced in 67 countries. 
EUTECTIC offers a complete range If you're still using “make do”, old- Industry throughout the World has adapted : 
P g y 

of “Low Temperature Welding Alloys” fashioned joining techniques in your shop, this process that minimizes risk of distortion, 


embrittlement, stress, and the other ill effects 


each carefully formulated to do a_ it will pay you to investigate these new sd cenvenitenah eidiian andaaiad, 


specific job “Better—Faster—Cheaper”— EUTECTIC speeds and savings TODAY. 


EUTECTIC) cives rou 160 s08 proven 
Temperature WELDING ALLOYS” * 
TO ANSWER YOUR SPECIFIC METAL JOINING 


NEEDS...ON ALL METALS...AT ALL HEATS! BETTER, FASTER, 
CHEAPER 


ECTIC 


Over 350 trained District Engineers 


EU DING A 


and auxiliary sales personnel are 
available to you from coast to coast 


Cast Iron » Steel * Copper « Brass * Bronze « Stainless Alloy for FREE Consultation-Demonstre- 


Steels Nickel Die Cast Aluminum Magnesium tion in your shop . .. without cost 


or obligation! 
|72nd Street and Ni de 


*A registered Trademark of Eutectic Welding Alloys Corporation 


SFE ACTUAL DEMONSTRATIONS AT THE Nationat Metat Exposition... 
CLEVELAND, OHIO...OCTOBER 19-23 


BOOTH 1606 


TIS 1679 


Low 


WELDING ALLOYS 
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A SURE WAY 
to get 
fast, 
low-cost 


ALLOY PREPLACEMENT is a key 
factor in the tried and proved 
EASY-FLO and SIL-FOS low-tem- 
perature silver alloy brazing formula 
that gives you any brazing produc- 
tion you want at surprisingly low 
cost. It’s a simple abc formula... 
where a — assembling parts with 
EASY-FLO or SIL-FOS preplaced at 
the joints...b using a fast heat- 
ing method such as oxyacetylene 
torch, furnace, electrical induction, 


INSECTICIDE 
BOMB 
Steel shell 
stampings and 
copper vapor 
tube joined 
with rings of 
EASY-FLO 
preplaced. Two 
girls turn out 
120 bombs per 

hour. 


formula to advantage. Write and 


THE BRAZING 


Two TYPICAL EXAMPLES 


ALLOY 


gas-air burners, etc....c — devising 
a production set-up that keeps assem- 
blies moving steadily to and through 
the heating station. This formula 
eliminates the human element from 
the actual brazing. It assures fast, 
reliable production with unskilled 
labor. 

EASY-FLO and SIL-FOS are avail- 
able in rings, washers, shims and 
other preformed shapes to suit spe- 
cific joint requirements. 


NAVY BUZZER 
CASE COVER 

8 posts and gasket 
brazed to cover 
with EASY-FLO 
wire rings preplaced. 
Assemblies go thru 
furnace 1500 a day. 


A BRAZING PRODUCTION EXPERT IS AT YOUR CALL 
Without obligation one of our field engineers will call and 
tell you if, where and how you can use the preplacement 


say when. FOR FULL 


FACTS IN PRINT write for a copy of BULLETIN 20... 


OFFICES ond PLANTS 


CONN 


an actual application of the 
action .. 
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HANDY & HARMAN 


. Also many more examples of EASY-FLO and 
SIL-FOS production-brazed assemblies . . . TALK over your ql 
metal joining problems with our experienced engineers. ? 


2. General Offices: 82 Fulton $t., New York 38, N.Y. LOS ANGELES CAL 
DISTRIBUTORS IM CITIES 


AT THE METAL SHOW—CLEVELAND— OCT. 19-23 


preplacement formula in 


gooTH 
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Protection” Flux 


especially designed for stainless steels 
where in normal operations the root (back- 
side) of an inert gas joint remains unpro 
tected Previously, considerable oxida 
tion occurred requiring painstaking grind 
ing to prevent corrosion. The new free 
flowing root Flas 
569-1 is claimed by the 


eutectic Welding Allovs Corp. of Flust 


protective 


hanulacturet 


ing, N. Y., to be the most advanced step 
in solving this problem of inmert-gus weld 
ing. This new product is thus a backing 
flux for stainless steels, and also nickel 
Monel, Inconel and the “‘supes illoys 
When ipplied to the underside of butt 
ind corner joints, penetration is simpli 
fied by the new flux action in controlling 


the molten weld metal. Thus, over-all! 


underbead protection is assured 


Additional data may be obtained 
writing Department eutectic Weld 
ng Allovs Corp., Northern Blvd ind 


Flushing, 


72nd St 


Silver Solder Brazing Flux 


Having already produced several silver 
Flux 
has developed 


solder brazing fluxes, Superior 


Manufacturing Co and 
tested an improved flux formula to meet 
the demands of manufacturers who found 
workers objecting to brazing because o 
tox this 
called Special No. 6 Silver Solder Past 


conditions, In new formuls 


Flux, Superior has produced a flux, which 
overcomes these objections and has an 
fluxing advan 


unusual combination of 


tages. One of the most important factors 
is that it works equally well at both the 
highest and lowest melting points en 


\s ma re 
sult it can be used for brazing, hard solder 


counted in brazing operations 


ing and silver soldering any ferrous or non 
ferrous metal or alloy aluminum 
Other features claimed 
for this product are as Wick 


melts at S850 I 


except 
and 
follows 
temperature range 
and is persistent and effective to 1600° | 
free fluorides 


no fumes, contains no 


guaranteed noncorrosive, Soluble in 


water: Simply use hot water and brush 
to remove flux residues. No grinding or 


chipping necessary. Reduces cleaning 
expense, 

sample tree 
Write to 
the Superior Flux & Manufacturing Co 
Department X-11, 1302 


Cleveland 13, Ohio. 


Manufacturer will supply 
of charge for testing purposes, 


Ontario 


AWS NATIONAL 
FALL MEETING 


Week of October 19, 1953 


THe WELDING JOURNAL 


Je 

4 
4 

S$ 


WAITING FOR! 


le 


WELD AR LOW HYDROGEN 
7 ELECTRODES 
For Welding with AC-DC in All Positions 


A FULL AND COMPLETE LINE 


7016 70% Mn OF NINE DIFFERENT LOW 
7016 N 1.0% Ni HYDROGEN ELECTRODES 
8016 N 3.30% Ni 

9016 CM 1.0% Cr—.50% Mo 

9016 MM 1.70% Mn—.40% Mo 

9016 NCM 1.35% Ni—.55% Cr—1.40% Mn 

10016 NM 1.70% Ni~1.35% Mn 

10016 CM 2.40% Cr—.50% Mo 

12016 NMV 1.75% Ni—1.25% Mn—.25% V 


F HERMETICALLY SEALED in 10 lb. moisture-, dirt-, 
grease- and dust-proof all-metal containers imme- 


diately wpon emerging from the baking oven. 


SECURELY PACKED in oven-fresh condition, with 6 
containers carefully cushioned from each other by 
inner carton; then placed in a sturdy outer carton to 


prevent possibility of any damage en route to you. 


Send for your free copy of 


THE FACTS ABOUT LOW HYDROGEN ELECTRODES 


\ NO FINER ELECTRODES MADE ccedonteosne 


IN CANADA © Distributed by Canadian Liquid Air Company, Ltd, 
with Branches, Warehouses and Depots in al! Principal Canadien Centers 


< 


ARCAIR gouging torch 


helps save six months 
‘down time”’ for Ohio 
grading contractor. 


H. W. Stepler of Rocky River, Ohio was 


faced with six months “down time” and 


a $1200 repair bill on his 14-ton grader. 


A sheared bolt had shattered the cast 
iron transmission case into a jig-saw 
puzzle of cracks .. . only a heavy chain 


and turnbuckle held the broken case 
together. 


The ARCAIR 
Torch, connected 
to an old D. C. 
welder and to an 
air line from an ordinary portable com- 
pressor, did a fast job of gouging all 
the cracks in less than two hours. . . 
a job that would have taken several days 
by other methods. The resulting clean, 
uniform “V" groove provided good weld 
penetration . . . after ten months there is 
no sign of cracking. 

Total cost, excluding welding time, 
was $20, a saving of over $1000 and 
six months “down time”. 


for Free Bulletin with facts and photographs of 
time and money-saving applications of 
ARCAIR Torch. 
Company, 
DIVISION, 423 So. 
Pleasant Ave., Lancast 
Ohio; WESTERN DIVI. 
SION, P.O. Box 4107, 
Bremerton, Wash 


\ 


Cuts all metais—vsing only electric arc and compressed ai 


LOOS 


Aluminum Fluxed Studs 


A new type welding stud incorporating 
features Cur- 
Shielded 
under patents pending 


several important new 
rently being manufactured by 
Stud Welding Co., 
A thin aluminum coating is applied over 
the mild steel stud 


This coating acts both as an effective flux 


entire surtace ol a 
for the welding end of the stud and also 
protects the rest of the stud, particularly 
the threaded portion, 
attack and rusting. An added feature of a 
fully threaded type is that such studs may 
Full informa- 


from chemical 


be welded at either end. 
tion may be obtained by writing to 
Shielded Stud Welding Co., 1540 Sea- 


bright Ave., Long Beach 13, Calif 


New Slide Rule 


A convenient new tool for the 


working industries has been designed by 
Continental Copper & Steel Industries, 
Ine., 
sions in the metal-working field 


for distribution by its various divi- 


Through simple manipulation of a slide, 


metal- | 


the new CCS computer provides weights | 


of strips, sheets, bars and plates of various | 


metals and alloys. Factors are given for 
steel, stainless steel, nickel, Monel, In- 
conel, aluminum, Hasteloy, copper and 
titanium. On the reverse side is a con- 


densed version of the ASME Code giving 
basic specifications for the fabrication of 
pressure vessels, 

The through Alloy 
Fabricators Division, Perth Amboy, N. J.; 
Braeburn Alloy Steel Division, 
Pa.; Niagara Falls Smelting & Refining 
Division, Buffalo, N. Y.; Walsh Holyoke 
Boiler Works Division, Holyoke, Mass. 
Welin Davit and Boat Division, Perth 
Amboy, N. J.; or the main office of Con- 


device is available 


Braeburn, 


tinental Copper & Steel Industries, Inc., 
345 Madison Ave., New York 17, N.Y. 
Powder Lance 
Powder lancing combines the advan- 


tages of the powder-cutting process with 
the 
operations, 


and efficiency of oxvgen lance 
The 
powder into the oxygen stream produces 
hot enough to 
pierce holes in many materials that resist 
the lance. Blast fur- 
nace salamanders, concrete, cinder blocks, 
fire brick, aluminum billets, steel and cast 


ease 
introduction of metallic 
an exothermic reaction 
standard oxygen 


New Products 


| 


HOW TO DO IT 


Condensed Versions of ALL an Operator 
Needs to Know to Swing to 


EASIER WAYS 


of Welding, Brazing, Soldering, 
Tinning, Cutting 


FREE!! 


Which one do you want? 


Plains, N. Y. 


I've checked the “How to | 
Apply” fer wat, 


@ 00c ALLOYS - 
Generous sampler 
11 torch applied 
STATE alloys, 8 fluxes, 
galvanizing 


@ALUMINUM and 
ALUMINUM ALLOYS — 
World’s most complete 
line of aluminum alloys 


PER-BEARING ALLOYS 
—10 ALL-STATE alloys 
and fluxes for work je 


MSTEEL—13 aul : 
STATE alloys and fluxes « 
_ for work on STEEL 


Address 


Company 


Tue JoURNAL 


| tate 
St 

/ 

= | 

wa 

; 

| 

Write STEEL 

Arcair 


WELD LEANING 


REPLACEABLE 
CHISEL 


REPLACEABLE AND 


REVERSIBLE BRUSH 


(With wood handle, B-1W) 


DUAL 


@ Experience real economy with this tool that requires replacement of worn parts only! The 


“Re-bit”’ chisel can be set at any angle, has a wider edge and narrower cross section, gets 
into corners and pockets better, affords better vision. “Re-bit” is easier to sharpen, lasts longer 


. Ask your welding supply dealer for information on all 27 Atlas models. 


WELDING 
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MOST PRACTICAL 


THE 

SYMBOL 
OF 

QUALITY 


ELECTRODE 
or 
FILLER WIRE 


All makes of for 
Inert Gas INERT GAS 
Welding SHIELDED 


ARC 
Equipment WELDING 
will 
provide 
proper wire feed and quality welds 

ALSO 


WELDBEST Covered 

Electrodes 

WELD COIL Submerged 
Arc Wire 

WELDWIRE Gas Welding 

Rods 
WELDSPRAY METALLIZING 
Wire 


sz— 


On 


for 


STAINL<SS 


ALLOY STEELS 
ALUMINUM 
| NON FERROUS 
4 ALLOYS 
BRONZES 


Prompt Service on Stand- 
ard or Specially Engi- 
neered products for your 
particular application 

Ask for your nearest 
WELDWIRE DISTRIBUTOR 


\WELDWIRE COMPANY, INC. 


N. W. Cor. Emerald & Hagert Sts. 
Philadelphia 25, Pa, 
Phone: GArfield 3-1232 


Dispenser for Powder Lancing 


Powder lancing uses an extremely high 


temperature to pierce holes in many ma 


—_ terials that resist the standard oxygen 
lance, Effective powder lancing relies 


upon a continuous, steady flow of airborne 
metallic powder through the lance to the 


iron containing inclusions, and sand in- 


crustations inside large castings all vield 


quickly and easily to the powder lance. 
The Oxweld ACL-1 Powder Lance, in- 
troduced by Linde Air Products Co., a 
Division of Union Carbide and Carbon 
Corp., automatically mixes the oxygen 
and powder in the correct proportions to 


insure efficient use of this new process 
Any standard lance pipe, in single or 
multiple lengths, can be used with this 
lance. Positive-pressure powder control 


assures excellent piercing results with 
multiple lengths up to 63 ft 


One simple lever controls the flow of 
both oxygen and powder. A convenient 
thumb latch keeps the valves open as de- 
sired, allowing the operator use of both 
hands for lance manipulation. The oxy- 
gen and powder tubes are fully enclosed 
to protect them from external abuse. 

The lance pipe holder works like a drill 
chuck; a twist of the wrist opens the 
holder and a reverse twist locks the lance 


The Oxweld D-9 Powder Dispenser 

supplies exactly the right amount of 

metallic powder for maximum effi- 
ciency 


pipe in place and seals it gas tight. Three 
interchangeable holder sizes are available: 
to fit '/~in., */,-in. and '/:in. pipe. 


= 


= 
= 
= 
= 


= 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


IX 


T | 
Write for the name and address of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 
REDUCTION COMPANY, INCORPORATED 


A DIVISION OF AIR 
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Fig. 3. MANUAL LINCOLNWELD J/igh-current density provides all the benefits of quality, lou 
cost ‘hidden-arc” automatic welding... yet retains ease and simplicity of hand welding as it 


SIMPLIFIES AND SPEEDS WELDING 
TO CUT SHOP COSTS 


Cuts Costs in Half. You weld 3 to 4 times faster, produce stronger, higher 
quality welds with ‘Manual Lincolnweld’s” high-current-density welding. 
Welds are smooth, easy to clean and free of porosity. Less time required for 
welding, for joint preparation and weld cleaning add up to cut welding costs 
an average of 50% on many jobs. 

Eliminates Joint Preparation. By concentrating up to 600 amps on a "a" elec- 
trode,‘ Manual Lincolnweld” gives 100% penetration butt welds on plates up 
to *4” thick. 

Saves on Setup. Simpler than hand welding with coated electrodes, ‘Manual 
Lincolnweld” feeds its continuous wire electrode automatically. Granular 
flux from the cone reservoir of the welding gun keeps the arc submerged... 
prevents arc rays, minimizes smoke to make welding easier. The welding gun 
can be operated manually or mounted in simple fixtures to provide the benefits 
of automatic welding with the flexibility of manual welding. 


Simple to Operate. ‘Manual! Lincolnweld” is compact, portable... moves about 
the shop on wheels. It operates from a Lincoln ‘‘Shield-Arc”’ 600 amp DC 
welder. 


START CUTTING COSTS TODAY. “ Manual Lincolnweld” procedures and speeds 
are presented in Bulletin 1303. Write on your letterhead to Dept. 1910. 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 
THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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MANUAL LINCOLNWELD 
CUTS WELDING TIME 50% 


“Hidden-Arc” welding using ‘Manual 
Lincolnweld” is cutting welding time 
50% and more on many components 
for Gar Wood earth movers. On some 
jobs, overall welding time has been re- 
duced as much as 67% because of less 
warpage, lower set-up time and greater 
freedom from weld spatter. 

Strength and quality of welds pro- 
duced with “Manual Lincolnweld” are 
equal to fully automatic welding. Setup 
time, however, is less since the work 
can be welded in the tacking position, 
and the welding gun of ‘Manual Lin- 
colnweld” can be used in any flat or 
near-flat position. 


In the fabrication of these Gar Wood 
side frames, two men produce one pair 
of frames in only 8 hours. Each frame 
calls for 174 feet of welding. With hand 
welding, 40 manhours were formerly 
required to do this work. 


Duplicate benches are used for 
fabricating the right and left side 
frames. Two men working as a team 
set up, tack, and weld, using the “Man- 
ual Lincolnweld” for both “hidden- 
arc’’ and open arc welds. 


Fig. 1. Welding Manhours 60% Less on side frame 
for earth mover assembly. With “Manual Lin- 
colnweld”, sides ave finished in 16 manhours... 
formerly took 40 manhours, a OO% saving in time. 
Each side requires 174 feet of welding. 


Fig. 2. Simpler to Set Up. Components for side 
frame ave tacked in position and welded with 
‘Manual Lincolnweld”. Joints too steep for 
“hidden-arc” welding are welded with coated 
electrodes. 


The Oxweld D-9 Powder 
Dispenser supplies this flow at adjust- 


reaction zone. 


able rates to provide maximum efficiency, 
This high-pressure dispenser, introduced 
by Linde Air Products Co., a Division of 
Union Carbide and Carbon Corp., has a 
200-lb powder capacity so that frequent 
charging is unnecessary. It delivers 
powder at conveving-air pressures up to 
100 psi to enable the powder lance to be 
used effectively with multiple pipe lengths 
coupled together. LE.ven when the lance 
is operating at extended distances, the air 
pressure and powder flow supplied by the 
dispenser are high enough to insure pierc- 
ing ability as good as at the shorter dis- 
tances. A relief valve on the dispenser 
vents at 100 psi for operating safety. 
Although this dispenser has been de- 
signed especially for multiple-pipe use 
with the Oxweld ACL-1 Powder Lance, it 
meets the requirements for all searfing 
and cutting processes that use powder. 
Powder is delivered from the dispenser 
to the lance through a standard '/,-in 
rubber hose. removable sereen in 
the hopper sifts out powder lumps or 
foreign matter that might clog the ejector 
unit or powder passage. The dispenser 
is 40'/, in, tall, has an outside diameter of 
12°/,in., and weighs 94 Ib uncharged. 


Cast lron Sealing Rod 


huteeRod 115, an extremely low melt- 


U.S. Patents 


11%-13/2% MANGANESE-NICKEL STEEL 
Costs Less and 


NEW PART 


* Manganal is the toughest metal 
known — minimizes wear from im- 
pact and abrasion. 


hee- SEND FOR COMPLETE DETAILS ON 
THE SPEEDY AND ECONOMICAL RE- 
PAIR OF TRACTOR PARTS. 


Catalog and Price List Available 


- Depots: Newark; Wilkes Barre (Forty-Fort) 
. Indianapolis, Ind.; Minneapolis, Minn. 


O 92 N. J. RAILROAD AVE. 


ing point alloy permitting wide use on 
east iron for sealing cracks and for build- 
ing up worn and poorly machined surfaces 
where strength is not required, has been 
announced by Eutectic Welding Alloys 
Corp., Flushing, N. Y. Similar in many 
respects to Eutectic’s widely used Eutee- 
Rod 15, this new product is said to offer 
many new advantages in lower bonding 
heat, quicker tinning action, longer work- 
ing range and easier spreading. Since it 
maintains the excellent adhesion and sur- 
prisingly powerful action of EutecRod 15, 
the new alloy, it is claimed, takes the 
hazard of poor results out of this type of 
sealing operation. It can also be used for 
bronze, steel castings and for filling and 
bonding any metal except aluminum and 
magnesium. 

Available in a full range of sizes. For 
further information, technical data, ete., 
write Department “P,”’ Eutectic Welding 
Alloys Corp., Flushing, N. Y. 


Silver Alloy 


Newly created EuteeRod 1602, which 
features unusual “‘flowing’’ characteristics 
on tungsten carbide, difficult to braze 
alloys and steels, etc., has been announced 
by Eutectic Welding Alloys Corp., Flush- 
ing, N. Y. 

It is claimed new FutecRod 1602 flows 
smoothly and easily even at elevated 


NEWARK, N. J. 


New Products 


temperatures, permitting the use of silver 
brazing-type joints on all ‘“‘tough-to-bond”’ 
alloys which have refractory oxides of 
chromium, vanadium, nickel, ete. 

In addition, this new product features 
the outstanding advantage of consider- 
ably lower heat input required for “T”’ 
and butt joints where a ‘‘white’’ solder- 
type alloy is desired on stainless steel. 
This new rod is available in '/16, 
3/32 and '/,in. diameters. For further de- 
tails, prices, ete., write Department ‘‘P”’ 
Eutectic Welding Alloys Corp., 172nd St 
Northern Blvd., Flushing, N. Y. 


Induction Soldering Machine 


A special induction heating unit de 
signed specifically for soft soldering and 
silver brazing is announced by Radio 
Frequency Co, of Medfield, Mass. Mode! 
5000 “RE Heater’ incorporates a unique 
cirewit and output transformer arrange 
ment, permitting extremely high no-load 
circulating currents the work coil 
This causes a rapid heating of small 
hard-to-load-into parts. It also permits 
the use of single-turn or even half-turn 
work coils which the operator or the work 
can safely touch during operation. This 
gives a convenience which permits rapid 
loading and high production. 

The machine is ideally adapted to such 
operations as sealing of condenser cans 
and on similar products such as relays 
thermostats, crystals, resistors, trans- 
formers, etc., where hermetic soldering is 
required. Hand soldering is eliminated 
With Model 5000 soldering machine un- 
skilled help can produce high quality work 
For example: One operator can easily 
produce 500 to 1500 soldered condenser 
cans per hour with simple, inexpensive 
fixtures. The same machine is also suit 
able for soldering glass metal terminals 
and can be set up for a new job in a matter 
of minutes. 

Further information about: Model 5000 
induction soldering machine may be ob- 
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| ALL ELECTRODES ...5% 


ever 


the UNIVERSAL Electrode 


SW-15 was developed as a universal type 
electrode which could be used for an 
extremely large number of welding ap- 
plications. There is nothing else like it 
among mild steel welding electrodes! 


t performed its first welding job in 1939, 
when it was taken into the field to weld 
refractory towers and sustaining struc- 
tures usually welded with an E6010 elec- 
trode. It bettered the standard welding 


time by 50%! Its unusual ease of manip- 
ulation won over welding operators 
and management at once. New operators 
were readily trained with the SW-15. 
Its x-ray quality set new inspection 
records. 


Two years later, SW-15 was welding on 
E6012 applications in the farm machin- 
ery and heavy road equipment fields. 
Excellent weld appearance, easy slag re- 


INDUSTRY. 5% SW15. 69% 


Here is the evidence of SW-15's growing ac- 
ceptance among manufacturers who depend 
on welding in the fabrication of their prod- 
ucts. SW-15 showed a 69% increase in ac- 
ceptance and use, as compared with but 5% 
for all electrodes produced by the welding 
electrode industry from 1950 through 1952. 


A few of the principal users 
of SW-15 are: 


J. D. Adams 

Allis-Chalmers 

E. W. Bliss 

Caterpillar 

Chicago Bridge & Iron 

Fruehauf Trailer 

Graver Tank & Mfg. Co. 

The Heil Company 

IMinois Central Railroad 

Ingersoll Rand 

lowa Iron & Steel 

Kansas City Structural 
Steel 

Link Belt Speeder 

Omaha Steel 

Puliman Standard Car 

Santa Fe Railroad 

Sheffield Steel 

Trackson Company 


Others are joining these 
every month to share the 
many benefits which the 
SW-15 electrode pro- 
vides their welding 
operations. 


moval, little spatter, good bead with no 
undercut helped improve the products 
of these manufacturers. 


Manufacturers found that due to SW-15's 
ease of manipulation, operators avoided 
slag inclusions, fish-eyes and voids, even 
in welds made in the field. This greatly 
improved the appearance of products it 
was used on and enhanced the reputation 
of the SW-15 electrode. 


SW-15 is just one of the welding electrodes in the A. 0. Smith line. There's an A. O. Smith electrode for every welding requirement: 


MILD STEEL HIGH TENSILE LOW HYDROGEN 
A. Oo. aws A. aws A.o 
Class Smith Cless Smith Closs Smith 
E6010 £7010 SW-75 E6016 SW-64 
E6011 SW-14 SW-80 E6016 SW-65 
£6012 £7020 SW-76 E7016 SW-84 
E6012 SW-17 €8013 SW-86 E8016 SWw-81 
—6013 SW.-15 E9010 SW-95 E9016 SW-90 
E6013 SW-16 E9013 SW-87 E9016 SW-89 
&6020 SW-35 £10013 Sw-88 E10016 sSw-100 
E—10020 E12015 SWw-120 


E12016 SW-103 


STAINLESS STAINLESS 

Alsi A. Oo. Alsi A. oO. 

Smith Cless Smith 
502 SW-151 310 SW-359 
505 SW-152 310 SW-169 
410 SW-153 310 SW-168 
430 SW-154 310 SW-368 
308 SW-162 316 SW-160 
308 SW-362 317 SW-161 
309 SW-166 318 SW-158 
309 SW-167 347 SW-157 
310 SW-159 347 SW-357 


. 
| 
See more manufacturers are using SW-15 electrodes than ever before 
com? 
‘ 
4 


THE ONE MILD STEEL ELECTRODE 


...in ease of handling 


SW-15 is easy for operators of vary- 
ing skills to use in all positions. Its 
smoother arc, self-cleaning slag, lack 
of spatter and freedom from under- 
cutting makes it easy for anyone to 
produce good looking, sound welds 
with the least effort! 


...in quality of weldments 


SW-15 welds have high-strength, high-yield, good duc- 
tility and consistent x-ray quality. This extends its use to 
welding low alloy, high tensile steels such as corten and 
manten, impossible for electrodes whose physicals can’t 
compete with those found consistently in SW-15 welds. 


...in appearance of welds ~ 
SW-15 bead appearance is ex- XN hg 
cellent. Operators become more 
quality conscious, inclined to 
turn out better welding jobs 
when they can put in good look- 
ing welds so easily. Fine appear- 
ing welds aid in the ultimate sale of welded products, 
build acceptance not otherwise obtainable! 


...in usefulness 


SW-15 has an unparalleled history of success in many 
fields. Shipyards, during the war, cut their welding time 
as much as 50% by actual test and used millions of 
pounds of SW-15. Farm and construction equipment 
builders found its ease of application and high resistance 
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to impact desirable, and be- 
came large users. Field erectors 
of vessels and structures 
adopted SW-15 after testing 
its speed, ease of application, 
and x-ray quality in weld- 
ments. Every year, more man- 
ufacturers turn to the SW-15 electrode to spur produc- 
tion and improve the quality of their welded products. 


...in cutting costs 


SW-15 is in a class by itself. Elimination of time-con- 
suming slag removal, absence of spatter to be cleaned 
up, ease and speed of application by any operator, free- 
dom from undercutting, excellent weld appearance that 
reduces inspection costs, and avoidance of weld repairs, 
all lower production costs directly. Then, the freedom 
from worry over possible field failures tops off these 
reasons for the tremendous use of SW-15 electrodes. 


...in your plant 


SW-15 has a use in your plant or shop. May we suggest 
that you write us or contact your local A. O. Smith Dis- 
tributor for full details and a chance to test this re- 
markable mild steel electrode. 
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A.Q. Smith your 
best single source for 
A.C. AND D.C. WELDING MACHINES 


with rated outputs from 180 to 1400 amps. 


A.C. “CHAMPION” A.C. “CHALLENGER” A.C. “AUTOMATIC" 


WELDING 


Helmets, shields, headgear, and goggles 


Protective clothing and gloves 


ORDER 
‘ont puRCHAS on 
Bs 


MILWAUKEE 1, WISCONSIN 


INTERNATIONAL DIVISION. MILWAUKEE |, WISCONSIN 


{ Electrode holders Ground clamps 
a 
Ls Cable, connectors, lugs, and splicers ee 
WELDING 
PRODUCTS 
DIVISION 


RADIOGRAPHY 
Says... 


THIS SMOOTHIE’S 
TOUGH 


“This 90-ft. pressure vessel looks smooth, — This is how radiography widens the oppor- 


clean, and neat. But that’s not all that weld- tunities for welders—why it can increase 

ing did for it. It helped make the tank strong — your business. 

and tough with less weight and at lower cost. Wouldn’t you like to know more about 
Designers of pressure vessels can take how it can help you? Get in touch with your 

full advantage of the welding process be- — x-ray dealer and talk it over. 


cause each weld can be proved sound by — —ASTMAN KODAK COMPANY 


radiography. X-ray Division, Rochester 4, New York 


Radiography ... 
another important function of photography oda 


TRADE - MARE 


| 


Photo courtesy Sciaky Bros., Inc. 


BRUSH WELDING ANALYZER 
simplifies troubleshooting and 
preventive maintenance 


ITH the new Brush Welding Analyzer you can instantly 

spot improper calibration or inconsistent or faulty oper- 
ation of three-phase resistance welders, single-phase resistance 
spot, projection, and seam welding machines. Chart records, 
which are immediately available, show the magnitude and timing 
of all welding variables, and indicate faulty firing of ignitron 
tubes or other difficulties. 

In addition, the Brush Analyzer helps you make sure you meet 
specifications. Side by side on the chart are the two records of 
welding current and electrode force... showing contact gage 
settings, precompression force, weld force, rate of rise, forge force, 
and time of operation in milliseconds. 

Brush Analyzers save you time in welding analysis, and in 
studies of AC or DC voltage or currents, strains, displacements, 
stresses, and other static or dynamic conditions. Brush repre- 
sentatives are located throughout the U.S., in Canada: 
A.C.Wickman Ltd.,Toronto. For bulletin write Brush Electronics 
Company, Dept. |J-!0 3405 Perkins Avenue, Cleveland 14, Ohio. 


BRUSH ELECTRONICS 


INDUSTRIAL AND RESEARCH INSTRUMENTS 
PIEZO-ELECTRIC MATERIALS ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT 

ULTRASONIC EQUIPMENT 


formerly 


is an operating unit of 
Clevite Corporation. 


New Products 


COMPANY 


The Brush Development Co. 
Brush Electronics Company 


tained by writing to: Radio Frequency 
Co., 44 Park St.. Medfield, Mass. The 
company also states that it will make ap- 


plication recommendations and quote 


guaranteed production rate if readers will 
submit prints and parts with relevant de- 
tails. 


Positioner 


A new aid to difficult welding jobs has 
been put into production by Turn-A-Weld 
Products of Portland, Ore. Called the 
Turn-A-Weld Universal Positioner, this 
new product is designed to give greater 
speed for both automatic and manual weld- 
ing of anything round. 


Adjustable to 40 speeds, a foot pedal 
controls the on-off switch. The Turn-A- 


Weld features a revolving table adjustable 
to 60 deg from center and an Sin. lathe 
chuck for welding pipe, tubing, ete., of 
any desired length and an arbor with 


tapered cones for welding hubs, wheels, 


tractor rolls, ete. 


The Universal Positioner is reported to 


eut welding time in half on jobs in tractor 


repair shops, manufacturing plants, pipe 


shops, welding shops, ete. The firm fur- 


nishes a l-vear warranty. 


6-In. Clamp 


A newly perfected and patented princi- 


ple in clamping which permits extreme 
throat depth without sacrificing strength 
is currently available in a new 6-in. clamp 


with a 5'/.in. throat depth, according to 
William L. Maxson, President of Centinela 
Industrial Supply Co., 11930) Inglewood 
Ave., Hawthorne, Calif 

The new unit weighs but 4 Ib and is 


produced from roll forged steel. It eom- 


bines the best features of standard drop 


forged “C”’ clamp and toolmaker's 


parallel clamp. By the use of a torque 
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After Amscoating with Thermalloy 
4, these Piercer Guide Shoes re 
duced dowa time and kicked pro- 
duction up 


Composite shear blade of mild 
steel base metal, hardfaced with Hot trimmer die and punch 
Thermalloy 4 on cutting edge Amscoated with Thermalloy 4 in 
Lower view: port after machining creased service life, cut costs 


you hive a wear problem involving high temperatures 
@nd requiring resistance to impact, this new 
Amsco hardfacing electrode can save you time and money 


Elevated temperatures are tough to cope with in situations involv- 
ing thermal shock, metal-to-metal wear, hot gas corrosion, high 
temperatu@@ Oxidation—especially when you need great impact re- 
sistance. #lere’s where Amsco Thermalloy 4 can step in and give 
you longer g@tvice life, and big savings in time and money. 

Supplied both a composite coated electrode for electric weld- 
ing @f as a bare cast rod for gas welding, both types deposit a high- 
carbon stainless plloy containing chromium and nickel as the prin- 
ciple alloying elements. In many applications, it can replace expen- 
sive nickel base alloy materials. Thermalloy 4 is packaged in 50-lb. 
boxes or in 10-lb. packages in 50-lb. boxes. For detailed analyses and 


other pertinent information, write for catalog sheet on Thermalloy 
\ 4 or contact your nearest Amsco distributor. 


AMSCOATING 


THE RIGHT WAY TO SAY HARDFACING 


AMERICAN MANGANESE STEEL DIVISION 


EAST 14th’ STREET CHICAGO HEIGHTS, ILL. 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Joliette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd 
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Brake Shoe | 


THIS IS THE REXARC 


MODEL RP4 


AUTOMATIC WELDER 
AND POSITIONER 


FOR REBUILDING ROLLERS, 
IDLERS AND 
FABRICATION WELDING 


If you do custom welding or operate 
a fleet of crawler type tractors, shov- 
els or draglines, the Rexarc RP4 is 
the machine for you! 

Here's automatic welding that is 
really automatic. Rexarc’s exclusive 
electrical design gives you high fre- 
quency starting and stabilization of 
the arc. This assures fast, uniform 
deposit of the weld metal, minimiz- 
ing stress and dilution of the parent 
metal. Saves time, gets work out 
faster. 

Operation is simple and controlled 
from one convenient instrument 
panel. You can do longitudinal 
welding, too. Arrangement for 
automatic stepover, spiral or se- 
quence welding is optional equip- 
ment. 

See your Welding Supply Distribu- 
tor or for complete details, write 


THE SIGHT FEED 
GENERATOR COMPANY 


57 EAST THIRD STREET 
WEST ALEXANDRIA, OHIO, U. S. A. 
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converting, spring-bearing trunion in the 


new clamp, distorting, twisting action is 
completely eliminated. The trunion also 
absorbs vibration, thus insuring a firm, 


steady grip throughout milling, routing 


and shaping operations. 


The spatter-free position of the serew 
has virtually eliminated the necessity for 
special shields or compounds in all welding 
operations. 

The clamp is also available with regu- 
lar throat sizes of 3, 6, 9 and 12 in, 

Complete information may be had by 
writing Centinela Industrial Supply Co., 
11930 Inglewood Ave., Hawthorne, Calif. 


Soapstone Holder 
Here is an unusual product of wide 
interest to workmen, It is the new See- 
Line soapstone holder, It is light weight 
weighing only 3 0z easy to see. even 
through welders’ goggles, and it practically 
eliminates loss trom soapstone breakage 
For convenience, a strong, durable clip is 
attached. It also has an automatic lock- 
makes the soapstone 


different 


ing device which 
adjustable to any length for 
marking conditions. 

The See-Line soapstone holder was not 
originally designed for commercial produc- 
tion. It was perfected by Peter Martin, 
a design engineer, for his own personal 
use, He had found, as nearly all crafts- 
men engaged in metal marking have, that 
soapstone was difficult to handle 
easily misplaced, and prone to breakage. 
But, soapstone was necessary to his job 
So for his own convenience he designed a 
holder. 

Wherever he used his holder, he found 
were enthusiastic 


his fellow workmen 


Variations on units 


shown can be furnished 
to meet specific 
requirements. 


1. Vertical pewer traverse with 
up and down inching button. 

2. Hand wheel on carriage with 
locking arrangement for set- 
ting automatic welding head in 
proper relation to work. 

3. Positioner arm swings and can 
be locked in proper position to 
either fixture. 

4. 22” diameter wheel shown on 
fixture. 

Fixture equipped with Reeves 

variable speed for proper feet 


/ 


New Products 


ACME Automatic WELDING 
POSITIONER and FIXTURES 


Ac ME Manufacturing Lo. 


1400 €. 8 MILE DETROIT 20 Ferndole MICH. 
hot 


OF AUTOMATIC POLISHING AND BUFFING MACHINES FOR NEARLY HALF CENTUE 


THIS ACME FIXTURE AR- 
RANGEMENT permits 
practically constant use of 
Automatic welding head by 
reloading opposite fixture 
during welding operation. 


per minute with reversing con- 


trol. Fixture with two set 
speeds can also be furnished. 


Holding machine can be set in 
either vertical or horizontal 
position. Shown in 45° angle. 


Cross slide adjustment for fine 
setting so welding head on arm 
can be placed at either fixture 
without further adjustment. 

8. Heavy copper brushes and 
holders mounted directly back 
of fixture for ground. 
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Work right ahead without interruption with derful for mild steel, stainless steel, aluminum, 
Sylvania’s new Zirtung electrodes! and magnesium. If your nearest Sylvania 
This improved tungsten-zirconium rod really Welding Distributor can’t supply you, write 
licks the contamination problem and lasts today to: Sylvania Electric Products Inc., 
longer on any job. Saves time, saves electrodes — Dept. 3T-4910, 1740 Broadway, New York 19, 
and assures sound, dependable welds. Won- New York. 
An exclusive Sylvania development! 
3%" Ordinary Tungsten electrode 
on 4 hours operation. 
Zirtung electrode after 
4 hours on the same job. 
( 


Here’s why Zirtung saves: 


1 Greatly reduces electrode 
* consumption. 


Less contamination from material 
* being welded. 


Self cleans contamination without 


loss of electrode. 
LIGHTING * RADIO 
ELECTRONICS 
TELEVISION 


OcTrOBER 1953 1021 


Greater arc stability. 


tn Conaoda: Sylvania Electric 
(Conade) Ltd., University Tower 
Bidg., St. Catherine St 
Montreal, P. OQ. 


EZ 


lightweight fully insulated 


Connected by the CADWELD PROCESS — 
the greatest advancement in arc welding 
in 20 years. 


250 AMP. 
CUB WEIGHT 13 OZ. 
TAKES TO 
7/32" ELECTRODES 


Soapstone Holder 


300 AMP. 
WEIGHT 18 OZ. 
TAKES 1/8" TO 


5/16" ELECTRODES his own use. It was this continued 
popularity that made Martin decide that 


400 AMP. WEIGHT 19 OZ. | the See-Line should be produced on a 
TAKES 1/8 TO 5/16" ELECTRODES commercial basis. 

The See-Line adds another useful too! 
to the basie equipment of welders and 
others engaged in metal marking. The 
retail price is $1.49 complete with soap- 
stone. It comes mounted on an attrac- 


about the new tool and wanted one for 


tive display card . . . one dozen to the 
ecard. Tt is manufactured by the See-Line 
500 AMP. Co., Ine., 618 Amarillo Bldg., Amarillo 
COMMANDO Tex 
WEIGHT 27 OZ. : 
TAKES UP TO 
3/8” ELECTRODES 
Spot Welder 


The Taylor-Winfield) Corp.. Warren 
Ohio, manufacturers of electric resistance 
welders, has introduced a new Type EB-3 
Air-Operated Spot Welder. 

The new Type EB-3 welder is a preci- 
sion production tool, easy and convenient 
to operate and ruggedly constructed 
Small and compact in form, it can easily 
be placed alone on a bench or in a bank or 
gang for production jobs. 

Actual throat depth is 8 in. A welding 
force of either 750 or 1000 Ib maximum is 
obtained by use of 80 psi line pressure 
Electrode stroke is 1°/, in. maximum 
The lower horn of the Type EB-3 welder 
is 2 in. in diameter and vertically adjust- 
able to 4 in., plus an additional 
vertical adjustment when the lower horn 
holder is inverted. Lower electrode holder 
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= On, Display. CADDY ARC WELDING & 

SMATIONAL ACCESSORY DIVISION 

M2070 E. 61st PLACE, CLEVELAND | 


there’s no 


New 


SELENIUM 
RECTIFIER 
TYPE DC 
Arc Welder 
4 models 


MODEL 100 Series 
Heavy Duty 

industrial Arc 
Welder... 7 models 


WHETHER A.C. OR D.C. - THERE’S 
A WELDER FOR EVERY NEED! 


@ A.C. ARC WELDERS @ WELDER AND POWER 

@ PORTABLE SPOT WELDERS PLANT COMBINATIONS & 
Engine driven A.C. HELIARC WELDERS @ SR D.C. WELDERS fer 
Arc Welder and power Arc Welding 
plant. . . 3 models 4 models 


MILLER Welders are superior because into their design and manufac- 
ture go all of the new technical, electrical, mechanical and manufac- 
turing developments, to make them the most efficient welders of 
their types. When you buy MILLER Welders, you may be sure your 
MILLER Welder is the latest of its type and ahead of others in its 
modern improvements .. . whether the welder is A.C. or D.C 

For example, MILLER SR Welders are the only new development in 
D.C. welding in the past 25 years. MILLER, the pioneer in electric 
welding equipment, continues to lead the industry in quality and new 
developments 


MODEL DEA-3001L MODEL 99 
D.C. Engine Driven A 250 A 

Rectifier Type 
Arc Welder 


Arc Welder 


MILLER WELDERS ARE 
SOLD ONLY THROUGH 
DISTRIBUTORS 


Want to know full details 
of MILLER Welders? Write 
today we will gladly 
send you complete infor- 
mation, or see your MILLER 
distributor 


ELECTRIC MANUFACTURING CO. 


MODEL 68 
Industrial 
ARC WELDER 


MODELS 61-F & 61-M 


PPLET 
General Utility Welders SINCE 1929 Wes 


ORTABLE SPOT WELDERS 


MODEL 10KVA.20KVA 


MODEL 44 
For The Small 
User 9 models 


A.C. ARC WELDERS 
MODEL LMSW-52 For Heliare Welding 
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(ejector type) is 6 in. long and 1 in. in 
diameter, with a No. | Morse Taper. 
Upper electrode holder (ejector type) is 
built as a permanent part of the upper 
terminal and is for a No, 1 Morse Taper 
electrode. Upper and lower electrodes 
are Code B-216, Domed Type, Class 2 
Alloy with a No. | Morse Taper. Over- 
all length is in. 

While many possible combinations of 
electrical controls are available, the use of 
synehronous-precision controls is recom- 
mended where exacting work requirements 
are essential, A magnetic or electronic 
contactor, as well as sequence-weld 
timer, is necessary for the Type EB-3 
welder 

\ four-page folder on this welder con- 
cerning general construction, electrical 
controls and important operating and con- 
struction information is available 


Cleaning Tissues 


The Carhoff Co. of 11706 Kinsman 
Roa l, Cleveland, Ohio, announces their 
NEW NO-FOG Cleaning Tissues 
tissues are the greatest discovery to date 


These 


for cleaning and no-fogging I:ve Glasses, 
Goggles, Glass in Welders’ Head and Hand 
shields, Gas Masks, Windshi-lds, Camera 
Lenses, Television Screens, and glass equip- 
ment in laboratories, ete. Works equally 


well on Glass or Plastic. 


Safety Switch 
The first NEMA NII safety switehes 


a complete line of devices in special in- 
have been announced 
by the Square D Co, This special in- 
dustry switch has been introduced to meet 
the needs of the machine tool and proe- 
essing industries as well as the industrial 
plants requiring a switch enclosure which 
will exclude dust, dirt, oil and coolants. 
The box is formed and welded from heavy 
code gage steel, 

For details, write Square D Co., 6060 
Rivard St., Detroit 11, Mich. 


dustry enclosures 


New Tempilstik 


Tempil® Corp, of 11 W. 25th St., New 
York 10, N. Y., announces the develop- 
ment of Tempilstiks®, Tempilaq® and 
Tempil® Pellets to indicate 525° F. 

While Tempilstiks® (as well as Tem- 
pilag® and Tempil® Pellets) for 500 and 
550° F have been available for some time, 
as part of the standard series of Tempil? 
products, there has been a frequent de- 
mand for a Tempil® temperature-indicat- 
ing material to signal the intermediate 
525° F. 

Tempilstiks®, ‘Tempilaq® and Tempil? 
Pellets are now available in 12 or 13° in- 
tervals from 113 to 400° F and in 50 in- 
tervals from 400 to 2000° F, plus the 
newly developed 525° F rating. In addi- 
tion Tempil® Pellets are also manufactured 
for the temperature range from 2050 to 
2500° F, inclusive. 


New Paint Stops Fire from 
Spreading 


Everyone in the Welding Industry is 
studying with a great deal of interest the 
recent development of a new fire-retardant 
paint for the interior of their plants. It 
can be applied by brush or spray and ac- 
tually stops fire from spreading. Everyone 
realizes the tremendous loss in life and 
property that can result from rapidly 
spreading flames, so this may well prove 
to be the greatest advancement in the pre- 


vention of these disasters. 

Developed and Manufactured by Morris 
Paint & Varnish Co. of St. Louis, under 
license from the National Fire Retardant 
Corp. 


“CONNECT WITH TWECO” 


CABLE SPLICERS 


A permanent splice to repair 
broken welding cables. Install 
with a wrench (or solder if de- 
sired) for a quick and efficient 
connection. Insulated with a 
tough fibre sleeve, 2 sizes for 
cable 46 through 4/0. 


Use TWECO cable connections to im- 
prove your welding efficiency. Ask for 
TWECOLOG No. 8 with complete 
specifications and prices. 


BOSTON AT MOSLEY ST. 
WICHITA, KANSAS 


WELDING CONNECTORS 


Saxe Welding C 


Buy “PROVEN FLUXES” 
Years of GUARANTEED SATISFACTION 


oth Units p 


tion, 


structural frame. 


Buffalo 7, N. Y. 


and secure structural parts to be welded. 


Clip K3A permits an adjustable connec- 


These widely used units eliminate all hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 


Write for 1951 edition, Structural Welding Practice Manvol. 
J. H. WILLIAMS & CO. 


AIR REDUCTION CANADA, LTD. 
Montreal 2, Canede 


“ANTI-BORAX”’ FLUXES 
Insist on them — Unequalled Quality 
No.1 Cast lron Welding Flux 
No.2 Brazing Flux for Brass 
No. 4 Braz-Cast Flux for Bronze Welding Cast lron 
No.5 &8 Cast & Sheet Aluminum Fluxes 
No.9 Stainless Steel Welding Flux 


No. Tinning Compound 
No. 16 Silver Solder Paste Flux 


Mig. By 
ANTI-BORAX COMPOUND CO., INC. 
Fort Wayne, Ind. 
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New Products 


Tur WELDING JOURNAL 


eco 
W 
K3A 
| 
1024 


Welding of Nickel Alloy Steels 


This Bulletin, A-93, contains 44 pages 
with tables graphs and illustrations and 
is a study of the various welding tech- 
niques, including some of the newer inert 
gas processes, electrodes, preheat treat- 
ments and postheat treatments. Typical 
results that can be expected are given 
for the low-alloy high-strength steels 
low-carbon and medium-carbon engineecr- 
ng alloy steels and special steels Inter 


national Nickel ¢ i New York 5. N. ¥ 


Welding Stud 


Shielded Stud Welding Co., 1540) Sea- 
bright Ave., Long Beach 13, Calif., has 
issued a new 4-page brochure giving fea- 
tures of their low-cost steel studs which 
are aluminum coated (patents pending) 
over their entire surface, Copy is avail- 


able without charge upon request 


Rectifier-Type D-C Welder 


Miller Electric 
Appleton, Wis., 


the new SR line of welders, their magnetic 


Manufacturing Co., 
i-page folder describes 


amplifier principle, “pulsating direet cur- 
rent” principle and details of design and 
construction, Tllustrated also are special- 
ized applications —remote control, special- 


ized control and parallel operation. 


Maintenance Welding 


A new 4-page folder containing a check 
list “to greater savings in Oil Industry 
Maintenance Welding” has been issued by 
Eutectic Welding Alloys Corp. of Flush- 
ing, N. Y. 

The various salvage and maintenance 
applications are discussed, item by item, 
from drill bits to crown block to show pre- 
cautions and procedures recommended 
for efficient welding operations in this in 
dustry 

“When correct techniques and materials 
are used,”’ savs Eutectic, “the service life 
of parts can be extended beyond even that 
of a replacement and lasting repairs can be 
effected at a speed hitherto unknown.” 

The new booklet, TIS 1706, may be ob 
| utects 
10-40 


tained free upon 
Welding Alloys Corp., Dept. “P.’ 
Flushing 58, N. ¥ 


request to 


72nd St 
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Weld Standards 


To enable the engineers of machinery 
manufacturers and fabricators to acquire 
both cost and quality control over welding 
operations, the Lincoln Eleetrie Co. of 
Cleveland, Ohio, has created and is mak- 
ing available a set of Weld Standards 
The Standards are available on tracing 
paper so that they can be blueprinted or 
otherwise reproduced for the purpose of 
giving engineers and production person- 
nel a standard for communicating welding 
The Weld Stand- 


ards are based on procedures developed by 


procedure on drawings 


Lincoln and the weld symbols of the AMER- 
1tCAN WELDING Socrery 

\ common problem to engineers and 
designers in designing for welded machines 
or structures is assuring that the welds 
specified are made as specified. This is a 
problem in both communication and cost 
and quality control The Lincoln Weld 
Standards help solve both aspects of the 
problem, The Weld Standards, with «a 
simple letter designation specits accord. 
ing to plate thickness both the type and 
size of weld as well as how it should be 
made. With both engineering and shop 
using the same standards, having prints 
of the standards available at all times, 
the engineer can be assured that the weld 
he has specified will produce the results 
for which it is designed. The shop can be 
assured that it is making the weld desired 
and according to specifications for econ- 
omy, strength and appearance. When 
the information in the Weld Standards re- 
garding plate preparation, fit-up, ete., is 
followed, the use of procedure for a speci- 
fied plate thickness will result in a weld 
equal to the plate in section and strength 
Weld performance is guaranteed by the 
use of Weld Standards 

For a specified plate thickness Weld 
Standards give the electrode type and 
size, the polarity and current, eleetrode 
melt-off rate, are speed, number of passes 
or beads, feet of joint welded per hour 
and the pounds of electrode required per 
foot of weld All of these factors are 
Weld) Standard 


designation in conjunction with the regu 


specified by using the 
lar AmertcaAN WerLbDING Soctevy symbol 
Standards have been prepared for manual 
welding of butt welds, fillet) welds, lap 
and corner welds in all positions in beth 
plate and sheet metal 

Complete sets of 19 sheets on tracing 
paper in a loose-leaf binder are ay tilable 
from the Lineoln Eleetrie Co., Cleveland 
17, Ohio, for $1.00 per set 
paid in USA 


postage pre- 


$1.50 elsewhere 
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Electrode-Selector Chart 


\ new four-page electrode-selector chart 
designed to present up-to-date informa 
tion on the complete line of G-E welding 
electrodes has been announced as avail 
able trom the General Eleetrie Co 
Schenectady 5, N.Y 

The chart, designated (:b-C-657E, con 
tains condensed data on the company’s 
line of mild-steel, low hydrogen-low alloy, 
low allov-high tensile, hard-surfacing and 
stainless-steel electrodes 

Tabular material includes welded prop 
erties, metal deposit: analysis, technique 
type of specication requirements met 
major competitive types, description and 
advantages, and application data for each 


type ol electrode listed 


Data Card 


A new data card, designed to help int 


dividuals involved the design and 
operation of tubular equipment at  ele- 
vated temperatures aud pressures, has 
been issued by the Pioduets 
Division of the Babeock & Wilcox Co 
Known as TDC 154, the data eard 


tubulates the 


Tubular 


maximum allowable stress 
values (S values) of a complete range of 
seamless and welded carbon, alloy and 
An adap- 

ASMIL- 


Boiler Code, the data card is complete 


stainless steel tubing and payee 
tation of Table P-7 of the new 


with notes and formulas tor the caleula- 
tion of the maximum allowable working 
pressures of tubing and pipe 

Copies of this helpful data ecard are 
available free upon request to the sales 


offices of the division at Beaver Falls, Pa 


S.S. Ocean Vulcan Sea Trails 


The Admiralt Ship Welding Com 


mittee, in its study of the sprec ial problenis 
ising from the use of welding in ships’ 
structure has carmed out a program of 


investigations to compare the structural 
behavior of welded and riveted ships un 
the 


md oin the 


der the forces xperienced at sea 


reasons stated in this volume 
light of the information olbtained from: the 
earlier still) water ructurnl tests, the 


Committee decided that the most promis 


ing ipproach to this probl vould be to 
proceed vith «a eri triads in three 
stages, which m be summarized 


is follows 
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Investigation of the stress response ol 


two sister ships, the welded Ocean Vul- 


can and the riveted Clan Alpine under 
various states of loading in still water 
Investigation of the loads imposed on 


one of these ships, the Ocean Vulean 


under prolonged periods of sea service 


Application of the results of the still 


water trials to the probable maximum 


loads derived from the sea trials, in 


order to estimate the probable maxi- 


mum stresses at sea for both the 


welded and riveted ships. 


The book consists of 175 pages copious!) 

illustrated with diagrams and charts 
Copy available at $8.00 postpaid. Amer- 
ican Agents: British Information Serv- 
ices, 30 Rockefeller Plaza, New York 20, 


Taylor House Organ 


Taylor Forge & Pipe Works, Ine, 
Chicago 90, IIL, have just launched a new 
House Organ designed to be of help to 


engineers and designers. This publication 
is available, upon request, to people in- 
terested in the problems dealing with 


piping and pressure vessels. The first 


issue Contains some very interesting tech- 


nical information on the Taylor Forge 
Products, examples of their use, and an 


For easier, faster welding important article entitled “Keeping Up 
use one electrode for all positions to Date on Codes and Standards.” 


Gas or liquid retaining hortonspheres are welded in the Structural Design with 

field. In the process, every welding position is used— Satie 

downhand, vertical and overhead. Today, because one a 

electrode can produce sound weld metal from every How to avoid beam failure in torsion 

position, considerable time is saved by eliminating fre- and in compression is explained in Rey- 
nolds Metals Technica’ Advisor No, 22 


quent electrode changes. 


You can profit from this same advantage by using just off the press. ‘n this issue, Rey- 
Arcos Low Hydrogen Electrodes for welding high tensile nolds 
steels. With few exceptions, once you select the proper te 
sign aluminum sviyeeted to bend- 
electrode, you can keep on welding with one electrode lon ehiamen 
—no need to change electrodes for different welding posi- 
tions. Besides saving time, inventory can be simplified. visor No. 22 include information on a new 
Arcos quality controls, highest in the procedure for keeping architectural alum- 
ch GRADE SPEC. industry, assure you dependable, uni- inum bright when exposed to city and in- 
Tensilend 70. E7016 form weld metal for every application. dustrial atmospheres; and a description 
Tensilend 100 E10016 Write for ‘“‘The ABC's of Welding of a newly developed machine for auto- 


Tensilend 120 


Messecced Eloois| High Tensile Steels”. 


Nickend 2 E8015 | ~ARCOS CORPORATION, 1500 South 
Chromend 2M E90IS SOth Street, Philadelphia 43, Penna. 


matically making circumferential welds in 
aluminum pipe lines. The new machine 
is so fast that 40-ft lengths of 6-in. alumu- 
num pipe can be lined up, welded into the 


line and lowered into the ditch at an aver- 


age rate of I every 3 min. 

& The question-and-answer section in this 
issue covers such items as machining 635 

aluminum, anodizing aluminum alloys 


7, ‘y finishes, materials for cable clamps, the 
lp) “Koldweld” process, subzero air quench- 
ing, aluminum boat design. 
| aN Copies of Technical Advisor will be sent 
without charge upon request to Rey- 


Metals Co., Desk PR, 2500 38 


LOW HYDROGEN ELECTRODES Third St. Louisville 1, Ky. 
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Solder and Brazing Alloys 


A four-page illustrated bulletin de- 
scribing its line of flux-containing electri- 
eal, electronie and mechanical bond 
paste solder and brazing alloys and cover- 
ing the new two-part semiautomatic 
soldering technique is announced by Fu- 
sion Engineering, Cleveland, Ohio 

A chart is used to illustrate the melting 
ranges of each solder and brazing alloy 
ty pe and is color-coded to indicate whether 


the paste alloy is designed for electrical on 


‘ j mechanical connection 
Line drawings of a variety of parts 
show the two-part Fusion soldering 
method which involves preapplication ol 


paste to the part with separate heat ap- 
plication. This semiautomatic technique, 
possible only because the flux is contained 
in the paste solder alloy, eliminates much 
of the hand operation formerly required 
greatly reducing labor costs 

An automatic paste applicator is also 
shown with a description of Fusion’s en- 
gineering service available to mechanize 
production soldering operations. A lab- 
oratory kit of Fusion Alloys, complete 
with toreh and dry pellet fuel, is also de- 
scribed. Bulletin FF-1 may be obtained 
by writing to Fusion Engineering, 4504 
Superior Ave., Cleveland 3, Ohio 


When high operating 
A new brochure describing the semi- pressures call for 
automatic butt-welding manu- strong welds 


factured by Solar Aircraft Is now 


Butt Welding Machines 


available from the company. Solar butt 


welders are special production tools for ; 
ok ire special proc m tools fo Arcos stainless electrodes can deliver top-performing weld 


fabricating sheet metal into smooth evlin- 
ders and joining flat strips and sheets metal for high-pressure jobs—as well as others—because the 
Phe butt welders are available in two specific qualities needed are ‘‘built in'’ every electrode. Arcos ; 


standard sizes, one which welds seams up i : 4 
then makes many electrodes for all kinds of jobs—each requiring a 


up to 60 in. in length. Designed to ob- different balance of physical, chemical, or metallurgical proper- 
i ig i se Ss bor . 
tain high output with semiskilled labor, ties. But, no matter how varied the requirements, Arcos electrodes 
the units weld a wide variety of metals 
and produce high-quality ductile weld- will meet every one—consistently—yielding in the flash of an 
ments, arc the highest grade weld metal available today. 

Copies of the butt-welder brochure may 
be obtained from the Contracts Division, For more information about specific applications of Arcos 
Solar Aircraft Co., 2200 Pacific Highway, quality-controlled stainless electrodes, send for booklet, ‘What 


San Diego 12, Calif 


Electrode Would You Use?” 


ARCOS CORPORATION, 1500 South 50th 
Street, Philadelphia 43, Pennsylvania 


Elements of Heat Treatment 


This book, by the late George M. Enos 
and William E. Fontaine, is a practical 
introduction to the heat treatment of 
metals and alloys-—designed to provide a 
workable knowledge of how mechanical 
properties may be altered to suit particular 
situations 

The authors define the major heat- 
treatment processes annealing, harden- 
ing, tempering and normalizing—and 
show how each process is used to get the 


metal characteristics needed for a specific STAINLESS ELECTRODES 


job. Background information on the 
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properties of metals and alloys is presented 
in order to develop the reader's apprecia- 
tion of the changes wrought by heat treat- 
ment, Casting, forging, rolling, welding, 
machining and other processes related 
directly or indirectly to heat treatment are 
briefly discussed. Unique, cartoon-type 
illustrations lend clarity and interest to 
the development. 

John Wiley & Sons, Ine., 440 Fourth 
Ave., New York 16, N. ¥ Price $5.00, 


Alloy-Clad Steels 


Advanced techniques for fabricating 
clad steels are outlined on a convenient 
wall-mount chart developed by Lukens 
Steel Co., Coatesville, Pa., world’s lead- 
ing producer of specialty steel plate, plate 
shapes, heads and clad steels. 

The “Clad Fabrication Data” chart 
xives all basic information for arc-welding 
and flame-cutting clad steel plates. Of 
special interest to designing, engineering 
and shop personnel of steel fabricating 
companies, and useful to equipment de- 


the 


Rectifier Welder 
RC-DRIVE CONTROL 


wit 


AD FABRICATION DATA 


sign groups, it is intended to be hung in 


the shop or office for ready reference. 

Copies of this chart can be obtained by 
writing Manager, Marketing Service, 
Lukens Steel Co,, Coatesville, Pa. 


. INSTANTANEOUS RESPONSE TO ARC-LOAD CHANGES 
. . « INSTANTANEOUS RECOVERY 
REDUCED ARC BLOW 
. « « COMPLETELY ADJUSTABLE BY OPERATOR 
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Westinghouse RA Welders with new positive arc- 
drive control now prevent shorting when used on 
“drag” welding applications. In addition, they allow 
complete penetration on root passes of vertical and 
overhead welds. Arc-drive control is obtained by 
adjusting the ratio of short-circuit current to weld- 
ing current without changing open-circuit voltage. 
Actual amount of arc-drive current can be varied by 
the operator. 

For information on this improved RA Welder or 
other Westinghouse Welding Equipment, write 
Westinghouse Electric Corporation, Welding Divi- 
sion, P. O. Box 868, Pittsburgh 30, Pennsylvania. 


J-21607-A-2 


you can 6€ SURE...i¢ irs 


Westinghouse 
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STEEL RIBS 
IN THE SKY 


Streamlined and 
Spectacular 


Foretelling Space Structures 
of Tomorrow 


This dynamic new book combining 
theory and practice thrills you 
with its tour of living rigid frames. 


The Author 

Martin P. Korn, M. ASCE, Consulting En- 
gineer is a noted le:turer, leading authority 
and a pioneer in their design and construc- 
tion. 

107 photos, 181 pages—8'% «x II, 6 
Foldouts, complete design data and 
drawings of unusual rigid frame structures 
with special articles by eminent authorities. 


PARTIAL LIST OF CONTENTS 


Ready Tables for Instant Design 
Spans 50 Ft. to 150 Ft. Vary, Hts. 


Organizing a Design 

Selection of type of Frame 

Comparison—Welded and Riveted De- 
sign 

A Buck Private in the Wacs 

Shop Fabrication 

Knees 

Bases for Rigid Frames 

Ties 

Struts and Bracing 

A Private Chat with Architects 


Creative Design of Welded Plate Struc- 
tures 


Derivation of Basic Equations 

Analysis of Multi-Span Frames 

Model Analyses 

Measured Stresses in Two-Hinged Arch 


Says Col. Jack Singleton, Chief Eng. 
A.1.S.C. and author of the famous Manual 
of Structural Design " . . . . intensely in- 
terested in all phases of rigid frame de- 
sign; much has been published, yet it 
remains for your book to coordinate 
under one cover, information of utmost 
interest. . . . It is the only book of its 
kind and as such of exceptional value to 


engineers and architects . . 


Copies available through 


American Welding Society 
33 West 39th St. 
New York 18, N. Y. 


Price. $4.50 plus postage for conti- 
nental U. S. (We pay postage when 
check accompanies). 


Price. $5.00 plus postage outside U. S. 
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Beryllium Copper 


Ways in which beryllium copper can 
help engineers solve their design problems 
are illustrated by actual uses in a new 
booklet, Applications Unlimited, offered by 
the Beryllium Corp., Reading, Pa. A 
pioneer in the development of this unusual 
metal, the Beryllium Corp. maintains the 
most highly integrated facilities in the 
industry and is the world’s leading pro- 
ducer of materials incorporating the ele- 
ment beryllium. 

Applications of Beryleo beryllium cop- 
per illustrated and described in the booklet 
different fields —aireraft, 
automotive, home appliances, business 
metalworking 


cover many 
machines, instruments, 
machinery, resistance-welding equipment 
and electrical and electronic products—to 
name a lew 

Copies of “Applications Unlimited” are 
available without cost from the Beryllium 
Corp., Reading, Pa. 


AWS NATIONAL 
FALL MEETING 


Week of October 19, 1953 


Hotel Cleveland 
Cleveland, Ohio 


[REDUCE SPOT-WELDING REJECTS 
WITH DICE MICROHM METER 


(Model 151-S) 


MIL -W-6188 AND 


This instrument, first developed by Dice, is 
now widely used in industry to maintain qual- 
ity control and reduce rejects in the spot-weld- 
ing of aluminum... by checking the surfaces 
of sheets to see that they have been properly 
cleaned. The Dice Model 151-S Microhm 
Meter measures a resistance as low as '/; mi- 
crohm in the low range to 750,000 microhms 
(in the highest range). A low resistance read- 
ing indicates that the metal to be welded is 
“<4 cleaned. The first Model 151 made 

ice is still in perfect working condition 
after almost five years of constant use. For 
free bulletin giving detailed information on 
how the Dice Microhm Meter can help you, 
write today. 


4. W. Dice Co., Englewood 2, New Jersey 


“Non-destructive Testing and Measuring Instruments” 
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acrobatics! 


Awkward, fatiguing positions 

hinder production ... waste 

man-hours. Help your operators 

weld more efficiently, with 

less effort... by using 
Pandjiris ‘‘Weldmore”’ 
Engineered Positioning 
Equipment 


— 


this the 
way! 


welding. No straining, twisting or. crouching. 
horizontal, fl overhead welding. The 
Whatever 

“position for your v 

we engineer it for y 

Write today for — | 

illustrated 


positions 


PANO 


ANDJIRis 
ELDMENT co. 


51 NORTHRUP ¢ ST. LOUIS 10, M 


TURNING ROLL 


GANTRY MANDREL WELD-EVATOR © HEAD AND TAILSTOCK 
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Mr. ‘'X"’ is not one individual—rather he represents the collective experience and ‘know-how’ =| 
of Burdox welding men. This ‘‘know-how'’ is the result of years of working in close harmony with 
companies having all types of welding problems — using all types of equipment on all types of 
jobs. Mr. ‘*X"' is not partial to any particular welding process .. . he is an expert in all of them 
and therefore in a position to suggest the best possible products for your particular needs i 


When you buy Burdox you not only get the finest welding and cutting equipment that money 
can buy, but you engage the services of our Mr. ‘'X'’. He will work with your workers . 
increase your output and stretch your welding dollar! 


Get acquainted with the complete Burdox line — write for FREE catalog. Pa... | 


BUY BURDOX top quality 


industrial gases 


BUY BURDO Xgas welding and 


cutting equipment 
BUY BURDOXarc welding equipment Provides eve 
BUY BURDOX safety equipment ove 


----- tHe BURDETT oxycen co. ----------------- 


GENERAL OFFICES: 3333 LAKESIDE AVENUE, CLEVELAND 14, OHIO 


AKRON CINCINNATI! CLEVELAND, DAYTON & YOUNGSTOWN, OHIO 


COLUMBUS MANSFIELD PLANTS 
BRANCHES LOS ANGELES, CALIFORNIA 


which 
PRODUCT 
4 
| 
| 
OXYGEN | 
» 


One finger enough 


to position heavy workpieces for 


fast, economical downhand welding 


P&H positioners 


Cut costs as much as 50% — position the weldment, not 
the operator! A touch of a control button does the work — 
saves handling time. Welding is downhand — permits using a 
larger rod for faster deposition. Welds are smooth, uniform. 
P&H Positioners are available in capacities from 

2500 to 36,000 Ibs. — remote-control and hand-operated 
models. Ask your P&H representative or distributor for 
further information — or write us. 
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Sam Tour Heads Metallizing 


Committee 


Sam Tour, general manager of Sam 
Tour & Co., Ine., a New York City in- 
dustrial consulting, research and testing 
firm, has been elected as chairman of the 
Metallizing Committee of the American 
WELDING Society, 

This committee is active in preparing 
standards, compiling recommended prac- 
tices, and conducting research programs 
on many aspects of metallizing of prac- 
tical interest to industry. One important 
project currently being conducted by the 
Metallizing Committee is a research pro- 
gram of 12-vears’ duration to test the ef- 
fectiveness of various types and thick- 
nesses of metallized coatings in withstand- 
Mem- 


bers of the committee, who represent all 


ing difficult exposure conditions. 


segments of the metallizing industry, are 
personally contributing their skills, pro- 
ducts, technical knowledge and research 
facilities to carry out this program. 

In taking over the chairmanship of the 
Metallizing Committee, Mr. Tour, who 
has had 30 vears’ activity in metallurgy 
and metallurgical engineering, will retain 
his present post as chairman of the Sub- 
Committee on Metallizing for Corrosion 
Protection, which he has filled for the past 


two vears 


Veteran G-E Leader Dies in 


Saugus 


Henry O. Westendarp, 83, of 59 Main 
St., Saugus Center, Mass., retired General 
Electric executive and a former member 
of the School Committee, Finance Com- 
mittee and Board of Health in Saugus, 
died suddenly at his home on August 10th 

A native of Roslindale, he was as- 
sociated with the General Eleetrie Co. for 
more than 40 vears. Starting out in the 
old Thomson Laboratories, he spent his 
last 20 years with Gk’s Boston office as a 
sales engineer. He was a member of the 
Thompson Quarter Century Club 

During World War I he served on the 
Rationing Board in Saugns 

He was active in affairs of the First 
Parish Universalist Church of Saugus 
holding various offices and was a charter 
member of the Boston Chapter, AMERICAN 
WELDING Sociery 

He leaves his wife, Mrs. Cora A. West 
endarp; four sons, Henry O. Westendarp 


Jr.. a GE welding engineer in Schenec- 
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tad Bertrand D Westendarp a former 

member of the Saugus Finance Comumit- 

tee; Edwin M. Westendarp of Charrin 

Falls, Ohio, and Carl F 

Lynnfield Center, and four grandchildren 
‘ 


Westendarp of 


Employment 
Service Bulletin 


Positions Vacant 


Associate Professor for instruction and 
research in welding. Should have either 
M.S. or Ph.D. degree with established re- 
search record, particularly in the field of 
Resistance Welding. Willalso teach some 
basic engineering courses, Either under- 
graduate or graduate degree should be in 
Industrial or Mechanical Engineering 
Salary approximately $6500 for 9 months 
Address applications to Chairman, Di- 
vision of Mechanical Engineering, Uni 


versity of California, Berkeley, Calif 


V-297. 


signers who have a good knowledge of 


Two or three experienced de- 


welding techniques and welding design 
fundamentals. Excellent opportunity for 


for advancement 


V-298 
experience in welding techniques including 


Welding Engineer who has had 


gas welding and cutting, manual electric 
are welding, submerged are welding and 
excellent 


Zuseous shield are welding 


opportunity for advancement 
\V-299 


Te chnically and 


General Welding Supervisor 
practically qualified 
Foundry experience desirable Excellent 
opportunity with well-established mid 
west organization. All replies con- 


fidential 


V-300 
ence includes selling machinery and equip 


Sales Manager: If your experi- 


ment through distributors for the metal 
welding industry, a well known machinery 
manufacturer offers an unusually — fine 
opportunity. Send full particulars cover 


ing education experience, ete 


Pe sonnel 


Arc Welders 
and Electrodes 


put welding in your plant 
on a low-cost, 
high-production basis 


P&H DC RECTIFIER | 
WELDER 


Has Dial-lectric 
Control for instan- 
taneous heat selec- 
tion at the work. 
Three sizes, 200, 
300, and 500 amps., 
NEMA rated. 


Has P&H Dial-lec- 
tric _ Instantaneous 
Remote Control. 
Sizes up to 625 
amps., NEMA rat- 
ed. Connectable to 
220 and 440 volts. 


P&H WN-301 
Engine-Driven 
oc 
ARC WELDER 


Portable. Equipped with Dial-lectric 
Control. Runs at only 1750 rpm. 
Welding service range, 60-375 amps., 
NEMA rated. 


PaH 
LOW-HYDROGEN 
ELECTRODES 


13 types that take the 

lem out of welding high-sul- 
fur, free-machining, low- 
alloy, and high-strength 
steels; castings, etc. 

Ask your PGH representative 
or distributor for complete 
information, or write for 
free bulletins, 
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=| WELDING 
TWINS 


high-speed welding 


of aluminum and stainless steel 


New G-E Fillerarc Equipment makes a production reality 
of the consumable electrode gas-shielded welding process 


Two years ago, General Electric welding engineers took 
on a challenging assignment: to develop equipment for 
consumable electrode gas-shielded welding that would 
be as dependable and trouble-free as conventional arc 
welding equipment. 

Product of their success is the new G-E Fillerarc 
equipment which today makes available to American 
industry the full potential of this amazing process. 

G-E Fillerarc equipment offers you: 

VERY HIGH SPEED- wire speeds up to 750 in./min, 
highest ever on a production welder of this type. 
WIDER USABILITY far smaller wire can now be used, 
permitting welding of very thin sheets. 

REAL DEPENDABILITY unique design features mini- 
mize troubie, slash maintenance costs. 

*Plus other metals including copper, nickel, and magnesium bronze. 


See Fillerarc Demonstrated 


at National Metal Show 


Oct. 19th, Cleveland 
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UNMATCHED RESULTS——current is automatically sup- 
plied for any wire speed, assuring high-quality work. 
LOW PRODUCTION COSTS due to very high speed, 
minimum operating trouble, increased flexibility. 
EASE OF OPERATION semi-automatic features make 
Fillerarc welding simple and easy to learn. 

Additional information on this amazing new equip- 
ment is contained in these two bulletins: 

GEA-6028 Fillerarc Welding Equipment 

GER-819 Fillerarc Welding Process 
They’re available from your nearby G-E Welding Dis- 
tributor. He’s listed here and in the yellow pages of 
your phone book under ‘‘Welding Equipment——Gen- 
eral Electric.’’ Contact him today! General Electric 
Company, Schenectady 5, New York. 


7106 


GENERAL ELECTRIC 


THE WELDING JOURNAL 
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News 


Information on equipment, 
electrodes and accessories from 


G.E., pioneer in arc welding 


Radically new designs fulfill 


needs of Fillerarc process 
NEW FILLERARC WELDER MINIMIZES STUBBING, BURN-BACK 


Here is the first self-regulating 
welder. Designed specifically for 
consumable electrode gas-shielded 
welding, it has a rising volt-ampere 
characteristic which automatically 
avoids burn-back and stubbing 
troubles, permits changing wire speed 
and current without adjusting the 
generator. 


Other features: 

@ Self regulation insures proper 
current for any wire speed. 

@ Low open-circuit voltage makes 
accidental burn-back unlikely. 

@ Controlled current surge for 
easy starts without scratching. 


NEW FILLERARC GUN FEEDS SMALLER WIRE BY PULLING 


To overcome limitations on wire size 

caused by kinking, the Fillerarc gun 

is designed to pull wire into the gun. 

Result: the gun uses wire as small as 

030 in., permitting the welding of 

far thinner sections than before. 

Other features: 

@ Light in weight 50 ounces 
including normal unsupported 
cable. 

@ Simple trigger for positive 
Starts, automatic gas coverage. 

@ Easy threading changing wire 
takes but a few minutes. 


NEW FILLERARC WIRE DRIVE CONTROLS SPEED PRECISELY 


To match other precision compo- 
nents, G-E engineers selected a G-E 
Thy-mo-trol? drive for accurately 
controlling wire feed. Remote con- 
trol dial at work permits changing 
speed even while welding 


Other features: 

@ Dynamic braking eliminates 
wire trimming before each start 

@ Continuous wire-speed indication 

no need to time and measure. 

@ Easily portable— weighs only 142 
Ib including wire, mounted on 
Casters. 

tReg. Trade-mark of General Electric Company 
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Here’s the name of your 
G-E Welding Distributor— 


Alebome: Birmingham Alabama Oxygen, Young & 
Vann Supply; Mobile Turner Supply 

Arizona: Phoenix Consolidated Welding Supply 
California: Fresno, los Angeles, Oakland, Socro 
mento, San Diego, San Francisco, Ventura Victor 
Equipment 

Colorado: Boulder, Colorado Springs, Denver, Du 
rango, Ft. Collins, Ft. Morgan, Greeley, LaJjunta, 
Longmont, Pueblo Hendrie & Bolthoff 

Florida: Hollywood Florida Gas & Chemical 
Georgia: Atlanta, Macon Welding Supply & Service; 
Augusta Marks Oxygen; Columbus Williams Weld 
ing Supplies 

idaho: Boise Olson Manufacturing 

Ilinois: Chicago, Moline, Morton, Rockford Machin 
ery & Welder 

Indiana: Evansville Drill Master Supply; Ft. Wayne, 
indianapolis Sutton-Garten; South Bend —PerryWeld 
ing Sales & Service 

lowa: Des Moines Machinery & Welder 

Kansas: Coffeyville Thompson Bros. Supply & Weld- 
ing Equip.; Hutchinson” Kopper Supply 

Kentucky: Louisville Reliable Welding; Paducah 
Henry A. Petter Supply 

Lovisiona: Alexandria, Shreveport Hughes Oxygen; 
New Orleans Consolidated Welding Supplies 


Maryland: Baltimore Arcway Equipment 
Massachusetts: Boston New England G-E Welding 
Sales Division 

Michigan: Detroit Welding Soles & Engineering; 
Grand Rapids—-Miller Welding Supply 

Minnesota: Duluth W.P.&R.S. Mars; St. Paul Pro- 
duction Materials 


Mississippi: Jackson Jackson Welding & Supply 

Missouri: Kansas City Hohenschild Welders Supply; 

St. Lovis--Machinery & Welder 

Montana: Billings Valley Welders Supply; Butte, 

Great Falls Montana Hardware 

Nebraska: Lincoln Lincoln Welding & Supply; Omaha 
Baum Iron 

New Jersey: Kenilworth Welding Sales Corp 

New Mexico: Albuquerque industrial Supply Co., 

Hobbs — Western Oxygen; Las Cruces, Silver City 

Cor Parts Depot, Inc 

New York: Buffalo Welding Equipment Sales; New 

York Welding Sales Corp; Syracuse Welding 

Engineering & Equip 

North Carolina: Charlotte Dixie Gases; Gastonia 

Gastonia Motor Parts 

North Dekota: Bismarck, Fargo Acme Welding 

Supply; Fargo -Dakota Electric Supply 

Ohio: Akron, Cincinnati, Cleveland, Columbus, Dayton, 

Mansfield Burdett Oxygen; Toledo Odland tron 

W orks 

Oklahoma: Tulso G-E Welding Sales Division 


Oregon: Eugene, Portland J. E. Haseltine; Medford, 
Portland industrial Air Products 


Pennsylvania: Allentown, Philadelphia, Pittsburgh 
Arcway Equipment 


South Carolina: Columbia, Greenville Welding Gos 
Products 

South Dakota: Deadwood Hendrie & Bolthoff 
Tennessee: Chattanooga, Knoxville, Nashville Weld- 
ing Gas Products; Memphis Delta Oxygen 

Texas: Abilene M&M Welding Supply; Alice, Corpus 
Christi Crane Welding Supply; Alpine, El Paso, 
Marfa, Pecos Car Parts Depot; Amarillo, Hereford 
Tex-Air Gas; Brownsville, Harlingen Acetylene Oxy 
gen; Dallas Hill Equipment & Supply; Houston G-E 
Welding Sales Division; Lubbock Welders Supply 
of Lubbock; Midland -West Texas Welders Supply 
Odessa Western Oxygen; Pecos Welding Supply 
Co.; Plainview — Plains Welding Supply; San Angelo 
Southwestern Welding Supply Snyder W estern 
Welding Supply Texarkana Hughes Oxygen; 
Wichita Falls Nortex Welding Supply 


Utah: Salt Lake City The Galigher Co 
Virginia: Richmond- Arcway Equipment 

Washington: Seattie, Spokane J. E. Haseltine; Spo- 
kane, Yakima — industrial Air Products 

West Virginia: Bluefield Bluefield Supply; Charies- 
ton Virginian Electric; Huntington, Logan Logan 
Hordware & Supply 

Wisconsin: Milwaukee Machinery & Welder 
Alaska: Anchorage Northern Supply 

Cenada: Toronto Canadian GE 

Howeii: Honolulu American Factors, Ltd 
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abstracts of 


WELDING PATENTS 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D.C. 


2,146,049 -Srrucrure ror 
CLEANING WELDING Rops, Kugene 
Rhodes, Dearborn, Mich., and Harry G. 
Scholtz, Wyandotte Mich., assignors to 
The Murray Corporation of America, 
Detroit, Mich., a corporation of Dela- 
ware. 

This patent is on « special machine for 
removing adhered flux from the end of a 
welding rod. The apparatus includes a 
evlinder receiving « piston therein. Air 
is supplied to the working portion of the 
evlinder to aid in moving flux granules 
therethrough 


2,146,861 Wervep Brake Beam, Arthus 
A. Weisberger, Chicago, UL, assignor to 
American Steel Foundries, Chicago, TL, 
a corporation of New Jersey, 

\ specialized welded type of a brake 
beam is disclosed in and covered by this 
patent. 


2,646,995 Brazen Joint wirn Backing 
Ring, Roland J. Thompson, Washing- 
ton, D.C 
This joint assembly includes spaced ends 

of eylindrical members and a evlindrical 
backing ring positioned in underlying 
relation to the ends of the members. A 
capillary concave opening is formed on the 
outside of the ring intermediate to it and the 
cylindrical members, and brazing material 
is present for flowing into this cavity when 
fused to seal the evlindrical members to 
the backing ring. The adjacent but 
spaced ends of the eyvlindrical members are 
beveled for receiving a welding material to 
bond the members and backing ring to- 
gether 


2.647,483 Forming anp Wenp- 
ING Macuine, William Price, Sixes, 
Org. 

Price’s patent relates to a machine 
having a follower engaging a feed screw of 
the machine and movable longitudinally 
of a movable jaw actuating unit provided 
in the machine. A stationary clamping 
jaw is mounted on supporting plates pro- 
vided in the apparatus and means adjust- 
ably retain the stationary jaw on the 
supporting plates against movement away 
from the follower. A movable clamping 
jaw is supported on the supporting plates 
and has an opening therein in which the 
follower is received for displacing the 
movable jaw toward or away from the 


stationary jaw. 


2.647, 980 Conrrot Mecuanism 
ror Macuines, Charles D. 
Moore, Malden, Mass., assignor to 
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Thomson Eleetrie Welder Co., Lynn, 

Mass., a corporation of Massachusetts. 

Moore's patent relates to a flash-butt- 
welder apparatus which has a movable 
platen, and platen controlling mechanism 
is provided ineluding means for advancing 
the platen through an initial flash travel at 
a variable predetermined speed. Other 
means thereafter apply a variable prede- 
termined force to the platen to cause it to 
advance further through an upset travel at 
« relatively faster speed and yet other 
means variable independently of the two 
first-named means are present in the ma- 
chine for applying a still greater variable 
force to the platen after the platen has 
moved beyond its position at the initiation 
of the upset travel. Thus the final 
applied force may be varied independently 
of the upset travel speed. 


2,647,981 — Burr Seam 
WeELDING oR CuTTING Process AND 
Apparatus FoR Carrying Our 
Process, Alfred Wogerbauer,  Zipf, 
Oberosterreich, Austria. 

A continuous electric butt-seam-welding 
process for producing tubes is disclosed in 
this patent. The method comprises pro- 
viding two longitudinal parts capable of 
forming a tube when put together and such 
parts are forced toward each other by cur- 
rent conducting means until the parts con- 
tact so as to form at least two open seam 
gaps extending from the points of contact 
of the parts. Thereafter the parts are 
pressed together at the points of contact 
and welding current is applied to the parts, 
which current is caused to flow in a loop- 
like course around the seam gaps and 
through the points of contact. 


2,647,982 MANUFACTURE oF SEAM 
Tupes. Robert M. Baker, 
Catonsville, Md., assignor to Westing- 
house Electric Corp., East Pittsburgh, 
Pa., a corporation of Pennsylvania. 

In this patent, means are provided that 
define a work passage through which 
skelp is moved longitudinally, which 
means comprise a longitudinal flux coil 
means and a transverse flux induction 
heating means. Such heating means in- 
clude a core-structure having a pole face 
along the work passage, while the appa- 
ratus also has tube-forming roll means, an 
air-oxygen jet and welding roll means 
present therein. 


2,648,748 Evecrraic Arc Stup WELDING, 
Charles Anthony Sayer, London, Eng- 
land, assignor to Cye-Are Ltd., London, 
England, a British company. 


Current Welding Patents 


The method of this patent relates to « 
process wherein a stud and the plate to 
which it is to be welded are connected in 
the welding circuit and current of a limited 
value at full voltage is caused to flow be- 
tween the stud and plate which are initially 
in contact. Next the stud is separated 
from the plate and current of limited value 
continues to flow to form an are of low in- 
tensity. The current and the welding 
circuit is subsequently increased to full 
strength and, after a predetermined inter- 
val the stud is returned to the plate to 
effect the weld. 


SEQUENCE CoON- 
TROL, PARTICULARLY FOR TRAVEL Heap 
Seam Wenpers, Joseph J. Riley and 
William S. Dustman, Warren, Ohio. 
assignors to The Taylor-Winfield Corp., 
Warren, Ohio, a corporation of Ohio. 
This patent relates to a control circuit 
for controlling operations of — electric- 
resistance welding apparatus of the type 
having electrodes and a weld contactor for 
controlling the flow of weld current to the 


electrodes, 


2,648,750 -Meruop or MAKING 4 Brake 
Beam, Loren L. Whitney, Hammond, 
Ind., assignor to American Steel Found- 
ries, Chicago, IIL, a corporation ot 
New Jersey. 

Whitney's welding method relates to 
securing a brake-beam tension member to 
a brake head and compression member at 
least one of which defines an elongated 
cavity with an edge of the tension member 
First a laver of weld metal is deposited in 
the cavity on the top of the edge of the 
tension member. Next the electrode is 
held stationary in the cavity for a period of 
time to form a puddle of weld metal, there- 
after the circuit is broken, the electrode is 
moved to establish another electrical 
welding cireuit to deposit another laver of 
weld metal on top of the first-mentioned 
layer. Next, vet another layer of weld 
metal is deposited on top of the first two 
layers by passing the electrode inboard! 
lengthwise of the cavity. 


2,648,751 -Transrormer, Nelson © 

Clark, Winthrop, Mass. 

A special transformer is covered in this 
patent and it includes a single-turn second- 
ary having divergent termini each ot 
which are connected with a set of super- 
imposed lower and upper clamping jaws. 
Electrode-supporting bars are revolably 
mounted in and are axially adjustable in 
their respective sets of jaws. Electrodes 
are adjustably positioned by the bars and 
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Here’s the NEWEST ADDITION to 
Worthington’s welding positioner line 


It’s the new, heavy-duty precision welding positioner with the 
7 features you've always wanted in one unit 


1. PRECISION GEAR AND PINION 
DRIVE for accurate adjustment and 

. minimum backlash. Self-locking worm 
reducer provides safety factor in case 
of power failure. All gears are ma- 
chine-cut. 


2. SPECIALLY-DESIGNED VARI- 
ABLE SPEED DRIVE provides stepless 
speed change from zero to predeter- 
mined top speed. 


3. FAST-MOVING TILT TABLE with 
tilt indicator for accurate location of 
work at the best welding angle. 


4. BUILT-IN HIGH-CAPACITY 
GROUND giving resistance-free return 
of welding current results in more 
uniform welds. 


5. SPHERICAL SELF-ALIGNING 
YOKE BEARINGS eliminate misalign- 
ment. 


6. HEAVY-DUTY FABRICATED 
STEEL POST, machined on front sur- 
face for easier raising and lowering of 
positioner. Positioner can be mounted 
on your column or wall by removing 
standard post. 


7. MAGNETIC REVERSING START- 
ERS and push button controls provide 
for both rotation and tilt drives. 


See these at the National Metal Exposition, 2111 Upper Exhibition Hall, Cleveland Public Auditorium, Cleveland, Ohio. 
Y34 


WORTHINGTON CORPORATION 
Section Y.3.4 Plainfield, New Jersey 


The new Worthington positioners come in 2500, 
3000, and 6000 Ib. capacity sizes. Get more facts 
by sending the coupon to Worthington Corpora- 
tion, Section Y.3.4, Plainfield, New Jersey. 


I'd like to know more about your new welding positioner. 
(_] Please send me one of your bulletins 
(_] Have one of your sales engineers call on me 


NAME 


! 

WORTHINGTON 
ADDRESS 

| 
L 


CITY ZONE STATE 
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each electrode has an electric heating ele- 
ment. A work rest is adjustable posi- 
tioned beneath the electrodes. 


2,649,527-—-Butr Tuse ENnps 
BY INpucTION Heating, Edward Corbin 
Chapman and Rov FE. Lorentz, Jr., 


Chattanooga, Tenn., assignors to Com- 


bustion Engineering, Inc., a corporation 
of Delaware. 


This patent relates to apparatus for butt 


welding the ends of metal tubes together 


and has means for holding the tube ends 


in aligned but spaced relation. An indue- 


tion-heating conductor of relatively 


narrow axial width encircles the extreme 


edge portions of the aligned tube ends and 
| is adapted to create a narrow field of high- 
| frequency alternating magnetic flux for 


ELECTRODES 


heating only the end portions of the tubes 
Baffle and other means are provided and 


are positioned in the tubes for feeding a 


nonoxidizing gas to the tube ends for flow 
from the tube ends through the gap 
initially separating the tubes. After the 


tube ends are heated to a desired tempera- 


ture in the nonoxidizing atmosphere, other 


means press the heated tube ends together 


to perfect welding contact thereof. 


2,649,528 ENps or Copper 
Cos, Edward H. Koenig, New Haven, 
and John Chesnavich, Seymour, Conn., 


assignors to The New Haven Copper 


Co., Seymour, Conn., a corporation of 


Connecticut. 


How Do You Buy It? Cretan 


@ No matter how you buy stainless steel welding wire—on reels, tioning edges of copper sheets in juxta- 
in coils, or packages of rods or electrodes— PAGE can supply you in position over a groove in a carbon bar and 
a variety of analyses. | a piece of copper filler wire is placed on 


top of the edges over the crevice in the bar 


Stable burning even at lower Next a tungsten electrode is placed over 

AC-DC Electrodes— heats. Slag is clean and easily the filler wire and a direct-current welding 
. : " voltage is applied across the gap between 

Gas Welding Rods removed. Coating resists crack the tungsten electrode and the filled wire 


ing right down to short stubs. A weld is started at one end piece and the 


Your choice from a complete line for every type of stainless welding. tungsten electrode is moved along the filler 
wire to form a continuous weld along the 


for Inert Gas Welding ‘She. tor 


minated at the other end piece, which weld- 


Six Page-Allegheny stainless grades in 035", .045”", and .0625” ing action is performed while the are is 
diameters. Precision thread-wound on 25-lb. non-returnable reels enveloped in a helium atmosphere. 
to fit popular arc welding machines. | 


Heat-TreatiInc vo Be 


for Submerged Are Welding Weven Tocetner, Harry B. Smith, 


Westfield, and George A. Dolan, East 


PAGE stainless in wire diameters from 1/32” to 5/16", plain or Orange, N. J. 
copper coated. In layer-wound calle, 22” or 24” mill coils, or 200-Ib. This patent relates to a process of butt 
returnable steel reels. welding metallic members together and 


includes the steps of applying coil windings 
in relatively close relationship around ad- 
Write our Monessen, Pennsylvania jacent joint parts and passing alternating 
office for literature and prices current. through the windings to induce 
electrical currents therein and provide 


quick preheating thereof. The next step 
is to move the coil windings quickly a 
distance apart and then the joint is are 


PAGE STEEL AND WI 
os the welding is completed, the coils are 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portland, San Francisco, Bridgeport, Conn. 


quickly moved to a position to normalize 
the weld properly with a controlled cur- 


rent. 


Current Welding Patents THe WELDING JOURNAL 


for Stainless Steel WELDING 
—— 
rhis patent relates to a method of 7 
~ 
SS 
3 
— 
co a 
2 
1038 


ONLY 


GX WELDING TORCH 


Extreme light weight of aluminum alloy body and handle gives 
fine balance, increases operator efficiency and production. Ex- 
clusive Rego handle construction gives high rigidity and strength. 
Easy-turn valve wheels, non-seizing monel metal valve stems. 
Mixers assure perfect gas mixtures, eliminate flashbacks 
and leaks. Pure copper tips are mirror burnished inside 
to provide non-turbulent, soft flame with high con- 
centration of heat. Other construction features 
assure long, trouble-free life with safe 
operation. 


This torch also shows the results of Rego's quality construction. 
Valve body of heavy forged brass. Tubes are of stainless steel in 
rugged triangular construction that really stands abuse. Head 
is of heat resistant stainless steel and resists scoring action 
of grit. Tip and mixer combined in one, therefore 
mixer is individually correct for each tip. Choice 
of 75° or 90° head. 


OUTFIT NO. 71K 


All-purpose, heavy duty indus- 
trial combination for welding and 
cutting. Includes GX Torch Handle, 
four GX tip assemblies, two Rego 
Two-stage regulators, easy-con- 
nect cutting attachment with cut- 
ting tip, hose, wrenches, lighter 
and goggles. 


“T. M. of the B. B. Co. Chicago 


( 


Cutting Equipment 


PRODUCTIVE...ECONOMICAL...SAFE 


Thousands upon thousands of plants and shops the coun- safe in use—factors that will reflect favorably in your pro- 
a try over are using productive, profitable, time-and-money- duction and cost records. And these factors explain why 
saving Rego equipment in their oxy-acetylene welding and Rego has been so highly regarded in the industry for so 
cutting operations. You will find this equipment superior many years. See Rego equipment at your nearest NCG 
in handling and operating characteristics, dependable and branch or authorized NCG dealer. Or use the coupon below. 


REGO TWO-STAGE REGULATOR 


Built to provide unvarying working pressures, easy adjustment, and ' 
long, trouble-free life. Rego two-stage design maintains pressure 
uniformly, unaffected by dropping cylinder pressure. The way the 
regulator is set is the way it stays. Compound springs permit very 
fine pressure adjustment. Body and bonnet of heavy forged bronze. 
Cartridge filter strains out rust and dirt and radiates recompression 
heat rapidly and harmlessly into body. Automatic safety relief valve. 


BANTAM’ WELDING TORCH 


An amazingly efficient torch for a wide 
range of light metal welding: aluminum, 
alloys, steel from 28 gauge to %”. 
Featherweight yet durable. 


CUTTING ATTACHMENT 


Use with any Rego GX torch 
handle. Double duty at minimum 
outlay. Durable bronze alloy 
head and tubes. Range of tips 
cuts steel up to 6” thick. 


NATIONAL CYLINDER GAS COMPAKY J 
840 N. Michigen Ave., Chicege 11, 


Rush me catalog and price list on REGO Appa- 
ratus and Outfits for welding and cutting. 


NATIONAL CYLINDER GAS COMPANY 


REGO ECONOMIZER 840 N. Michigan Ave., Chicago 11, Ill. 
COMPANY 
Gives automatic shut off when 
Copyright 1953, National Cylinder Gas Co 
you hang torch on hook. Relights ADDRESS — 
by passing tip over pilot light, t 


previous flame setting. Saves gas, 
saves time, 


A 
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: 
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Stainless Steel Research 


The welding of stainless steel of the type 
designated as No. 347 is being studied at 
Rensselaer Polytechnic Institute by Dr. 
Ernest F. Nippes and associates in a re- 
search project sponsored by the Atomic 
nergy Commission's Schenectady Opera- 
tions Office. Dr. Nippes is director of 
welding research at the Institute and a 
member of the faculty in metallurgical 
engineering. 

The contract of the AEC with the Insti- 
tute, reports Dr. Wendell F. Hess, director 
of Rensselaer research, calls for completion 
of this phase of the research project by 
July Ist of next year. The present con- 
tract is a renewal of one under which a 
vear's research has already been made by 
Dr. Nippes and his associates in the inves- 
tigation. 


Welding Engineering 
Conference 


\ special conference on welding en- 
gineering will take place in) Mannheim, 
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Germany, October 15th to 17th under 
the auspices of Deutscher Verband fiir 
Schweisstechnik Mannheim, Viktoria- 
strabe 28, Fernsprech-Sammel-Nr. 4 18 28. 
The subjects to be discussed at the con- 
“Shrinkages,”” “Shrinkage 
Stresses” and their effects on “‘Engineer- 
ing Structures in Metal.” 


ference are 


AISC Meeting 


The American Institute of Steel Con- 
struction will hold its 31st annual conven- 
tion this vear, November 30th to Decem- 
ber 4th, at the Boea Raton Hotel and 
Club, Boea Raton, Fla. 


1954 LAA Convention 


The 1954 convention of TAA will be 
held in Chieago on April 7th, Sth and 9th. 
Headquarters will be the Palmer House. 

The 1954 meeting will be one of more 
than usual international flavor with the 
awarding of the Morehead Medal to 


Photo Taken at Dinner Meeting International Institute of Welding, Copenhagen, Denmark, July 6, 1953 


News of the Industry 


Pierre J. Philippon, Direetor of L'Air 


Liquide, Paris, France. 


Tube Turns, Ine., Branch Plant 


Tube Turns, Inc., Louisville, Ky. 
manufacturers of Tube-Turn welding fit- 
tings and flanges 
plant in Houston, Tex., to provide special 


has established a branch 


service to the Southwest's petroleum in- 
dustry. It 
delivery of flanges bored and faced to the 
individual specifications of piping de- 
signers, as well as regular ASA flanges. 
The plant also expedites delivery of 
other Tube-Turn products to the South- 
west, since it serves as a rail and truck 
terminal, and provides a strategic break-up 
point for carload shipments made from 


makes possible immediate 


Louisville. 

The Houston plant, of modern design, 
is at 7120 Katy Highway. All operations 
are in charge of W. B. Whenthoff, Tube 
Turns’ district manager. District offices, 
formerly in the Commerce Bldg., have 
been moved to the plant. 
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§ IMPLI 7 Your Shape-Cutting Jobs with the... 
OXWELD Automatic Tracer 


Trade-Mark 


@ Positive templet contact 
electronic steering control 


maximum tracing accuracy 


@ Templets are easy to make, 


low-cost 


@ No kerf allowance required 


in templet 


@ Intricate shapes easily 


reproduced 


@ Dynamic braking prevents 


overruns 


@ Local or remote controls... 


simple to operate 


With an Oxwetp Automatic ‘Tracer to guide your The Automatic Tracer follows practically any 
oxygen-cutting machine, you need never forego the ad- templet shape within extremely close tolerances. It can also 
vantages of templet tracing because of time or cost. What- he used to hand trace directly from blueprints or drawings. 
ever the shape—whether you need one piece or many Drive action is smooth and steady with both single- and 
templet requirements are simple. Just draw your templet, multiple-blow pipe setups 
full size, on a thin sheet of inexpensive plastic. Then cut Your nearest Linpe representative will be glad to help 
it out with seissors or knife. Its that quick and easy. you plan an Oxwetp Automatic ‘Tracer installation te fit 
There's no tedious forming. ‘To compensate for kerf width, either your present shape-cutting machine or one of the 
just set a handy dial on the Tracer. available OXWELD Shape-Cutting Machines 


WRITE TODAY FOR FREE BOOKLET F-8086 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [fg New York 17,N. Y. 
Offices in Other Principal Cities 
In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 


The terms “Linde” and “Oxweld” are registered trade-marks of Union Carbide and Carbon Corporation. 
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NEWS 


Maryland 
Baltimore, Md.—-‘The Maryland Section 


announces the election and appointment 
of the following officers and committee 
chairmen, 


Chairman — Harrison 8. Sayre 

First Vice'hairman— H. Mathews 

Secretary— James Forsyth 

Treasurer—R. C. Bellas 

Chairman, Membership Committee 
C. H. Basal 

Chairman, Program Committee—L. H. 
Mathews 

Technical Representative—J. M. Phelps 


Olean-Bradford Officers 


Bradford, Pa. —‘The Olean-Bradford Sec- 
tion annonneces the election and appoint- 
ment of the following officers and technical 
representative, 


Chairman——-M. T. O'Donnell, Bradford, 
Pa. 
First Vice-Chairman A. Lorenzini, 


Olean, N. Y. 
Second Vice-Chairman Guy 
Bradford, Pa. 
Secretary —Charles Smith, Olean, N. Y. 
Treasurer—Bill Payne, St. Mary’s, Pa. 
Technical Representative —Gerald Beach, 
Olean, N. Y. 


Whipple, 


Election of Officers 


Cincinnati, Ohio. — The following officers 
and committee chairmen have been elected 


and appointed by the Cincinnati Section. 


Harry C. Baker 
Vice-Chairman —Gerald E. 


Chairman 

First 
Schauerte 

Second Vice-Chairman— Chas. M. Alli- 
son 

Secretary-Treasurer—Ross Burth- 
wich 

Chairman, Membership Committee 
Chas. M. Allison 

Chairman, Program Committee 
Schauerte 

Technical Representative Wm. Maddox, 


Cincinnati Milling Machine Co, 


Gerald 


Board Meeting 


Cleveland, Ohio. A large number of 
prominent Cleveland firms were repre- 
sented at the recent Board Meeting of the 
Cleveland Section. 


that the following men are now actively 


It was announced 
operating in the various capacities to 
which they have been eleeted and ap- 
pointed. 
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as relayed to C. M. O’ Leary 


Chairman——Lew Gilbert, Industry and 

Welding 

First Vice-Chairman—Robert J. Henry, 
Cleveland Diese] Div., GMC 

Second Vice-Chairman—Allan P. Stern, 
President, Colonial Iron Works 

Board of Directors —The above officers 
and William P. Mayer, Ernie H. 
Lauter, Clayton B. Herrick, Frank 
G. Flocke and Ray W. Metzger 

Committee Chairmen—Technical Pro- 

grams: Robert J. Henry 

Symposium: Allan P. Stern 

Membership: Robert H. Newton, The 

Robt. H. Newton Co. 

Publications: Charles P. 

dustry and Welding 

Publicity: Sanford Schwartz, Allied Ad- 

vertising Agency 
Special Events: Robert ‘Herb’? Hinkel, 
General Electric 

Properties: Harlan C. Smith, Williams 
& Co. 

Reception: William J. Fauser, Scott- 
Tarbell Co. 

Education & Plant Visit: C. T. Elder, 
Cleveland Electric Illuminating Co. 
Coffee Program: Howard Schell, Bur- 

dett Oxygen Co. 

Nominating: Harold P. Blum, Metal 

& Thermit Corp 

Tellers: Ross J. Yarrow, Republic Struc- 

tural Tron Works 

Advertising: Wm. O. Wolfendon, Hobart 

Welder Sales 
House: Frank G. Flocke, The Thornton 
Co. 

Mr. Gilbert outlined the plans for the 
coming year which include plant visits, 
technical programs, the Annual Sym- 
posium and several special events. 


Berka, 


Western Michigan Officers 


Grand Rapids, Mich. The Western 
Vichigan Section announces the election 
and appointment of the following officers 


and committee chairmen: 


Chairman—Glenn G. Hickok, lonia 
Manufacturing Co., lonia, Mich. 

First Vice-Chairman—Paul W. Wagner 

Second Vice-Chairman—Douglas Har- 
vey 

Secretary—Gordon L. Hill, Aladdin Rod 
Mfg. Co., Grand Rapids, Mich. 

Treasurer—Chester H. Voorhorst, 
Purity Cylinder Gases, Grand Rapids, 
Mich. 

Chairman, Membership Committee 
Edmund J. Chester 

Chairman, Program Committee—Paul 
Wagner 


Section News and Events 


Technical Representative J. Harris 
400 Van Raolte Ave., Holland, Mich 


Directors Meeting 


Houston, Tex.— Officers and Directors 
of the Houston Section met on July 29th 
and August 26th to discuss a program for 
the coming vear for both the Houston 
Section and the newly formed Austin Di- 
vision of the Houston Section 

It was decided that the meetings would 
be held on the last Wednesday and Friday, 
respectively, of each month. Austin 
members were urged to attend meetings 
in Houston, but a tentative program of 
speakers was outlined for Friday meetings 
in Austin. 
possible were encouraged to attend these 
Austin Division meetings. P. V. Penny- 
packer and Ed Garland, both of Austin, 
have supplied the spark in organizing 
the Austin Division of the Houston Sece- 
We would like to take this op- 
AWS 


As many Houston members as 


tion, 
portunity to welcome these new 
members into the Houston Section 

Mr. Reed of the MeKay Corp. is 
scheduled to speak on “Eleetrode Coat- 
ings” at dinner mectings in Houston on 
October 28th and in Austin on October 
29th. 


Philadelphia Officers 
Philadelphia, Pa. 


and committee chairmen 
elected and appointed by the 
delphia Section: 


Chairman—R. D. Bradway, New York 
Shipbuilding Corp., Camden, N. J. 

First Vice-Chairman—-R. D 
Jr., Areos Corp. 

John 
Engineers & Constructors, Inc 

Recording Secretary—Uenry A. Young, 
K. Wm. Ostrom & Co 

A. M. Garcia, Morris Whee- 


The following officers 
have been 


Phila- 


Thomas, 


Secretary—A., Erlacher, United 


Treasurer 
ler & Co. 

Chairman, 
Co. 

Technical Representative 


The Budd Co. 


Membership Committee 
Berg, Areway Equipment 


Byron Gates, 


Portland Officers 


Portland, Ore.--The Portland Section 
announces the election and appointment 
of the following officers and committee 
representatives: 


Chairman—Stanton Richardson 
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no matter how much you spend you cannot buy finer regulators than /-\aZonal, 
AND—here is a listing of the exclusive advantages they offer you: 


1. Manufactured by an organization which has been in 
the welding and welding equipment business for over 40 
years — whose original owners and operators own and 
operate the company today. 


2. All major parts are automatically machined from uni- 
form bar stock which assures complete concentricity and, 
thereby, absolute uniformity. Nothing is rounder than a 
round bar — and nothing offers greater production uni- 
formity and strength. 


3. A fully sealed — nylon bearing — tension screw assem- 
bly for effortless, long lasting — silken smooth operation. 


4. Self-reseating relief valves which are tamper proof, 
reliable and sturdy. 


5. A patented feature permitting instant change from 
hand set to a pre-set. 


6. Both high and low pressure reduction stages are pres- 
sure adjustable. 


7. The nylon button takes end-friction out of the tension 
screw. 


8. An efficient inlet filter, with renewable cartridge, is 
easily replaceable without total disassembly of parts or 
removal from regulator body. 


9. Aseat mechanism and seat material which gives longer 
and more pressure accurate regulator life — which keeps 
the regulator on the job rather than in the repair shop. 


10. Metal diaphragms which are neither too large nor 
too little and which have been designed for long life and 
freedom from trouble. 


11. Short, properly designed and made tension springs 
which neither buckle nor bind in service. 
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(PIONEER FOR MODERN WELDING) 


cr 


The jaws substitute for 
stub waste by splicing a 
2 inch extension to the 
length of every electrode. 


Clamp" 


HANDS 


‘Pro’ 


MODERNIZE the fabrication 
of plates, shapes, rods, bars, 
pipes, etc. MAKE fitting, posi- 
tioning, holding, and welding 
a fast, accurate, inexpensive, 
one-man job. 


HAS 5 


CONTOUR FORMING 
HEADS WHICH MEANS 

5 TIMES FASTER 
CLEANING ACTION. 


Delivers FIVE surface 


cleaning blows with each 


swing and lasts FIVE 


times longer than single 


headed hammers. 


See Your Local Dealer, or, Write for Bulletins, $S-3, MP-6 and PCB-6 


Manufactured By 


10222 AVENUE N, CHICAGO 17, ILLINOIS 


1046 Section News and Events 


officers 


First Vice-Chairman—B. Nealley Wood 

Secretary—Fred M. Parker 

Treasurer—George A. Conner 

Chairman, Program Committee— 
Nealley Wood 

Technical Representative 
zeski 


Harry Cazy- 


Salt Lake 
Salt Lake City, Utah. 


and committee 
been elected and appointed by the 
Lake City Section. 


City Officers 


The 


chairmen 


following 
have 
Salt 


Fred 8S. Thomas 
Paul W. 


Chairman 
First Vice-Chairman 
Second Vice-Chairman 


Ownbys 

Frank Hulbert 

Darwin Christofferson 

Ray L. Potts 

Chairman, Membership Comumnittee— A. 
B. Blakemore, Jr. 


Secretary 


Treasurer 


Chairman, Program Committee— Frank 
Hulbert 
Technical Representative—Lynn 


Christensen 


Boiler and Pressure Vessel Laws 


Sheffield, Ala. 
local city officers and industry representa- 
tives were present at the July 30th dinner 
meeting of the TriCities Section held 
at the Muscle Shoals Hotel. 

R. Milligan, AWS, Superintendent o! 
the Boiler Division of the Ocean Accideat 
and Guarantee Corp., gave an impressive 
talk, accompanied with slides, on Boiler 
and Pressure Vessel Laws, Codes and 
Welding Qualifieations. Some of the 
slides gave visual proof of the tremendous 
damage caused by boiler explosions. The 
life destruction 
a defective 


A number of prominent 


potential loss of and 


possible from boiler caused 
much mterest among those in attendance 
particularly sinee the Tri-Cities area does 
not have a boiler code law. 


Mr. Milligan’s talk brought out many 
of the requirements of the ASME Boiler 
Code. After the talk, Chairman York 


conducted a lively discussion period con- 
cerning the need of and requirements for a 
local city ordinance requiring boiler in- 
spection. Because of the interest shown 
by the city official, Mr. York offered his 
services to any interested parties to further 
explain the Boiler Code requirements. 


NATIONAL FALL 
MEETING 


October 19—23, 1953 


Hotel Cleveland 
Cleveland, Ohio 
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LIST MEMBERS 
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Effective August 1, 1953 


DALLAS MeLemore, F. D. (B PHILADELPHIA WESTERN MASSACHUSETTS 
Rath, Howard Whitley (C Menefee, Lave (B) ‘ Fernley, Robert C, (B) Lawlor, Maurice 8,, Jr. (C) 
Mullenix, Fred H. (C) Surma, Henry F. (C 

tamsey, J. J. (B WICHITA 
DETROIT Rauch. John R. (B) Yon Lister, Lowell (( Paxhie. A. L.(C) 
Hofer, Gust H. (A) Repp, R.C.(C) ; 
Myles, Richard G. (C) Snead, E. B. (B) PITTSBURGH NOT IN SECTIONS 
Phillips, Kenneth (B) Spillman, H. J. (B Goldberg, Lewis (B) Chadwick, George 8., Jr. (B) 
Sharp, John F. (C) Valentine, 8. F. (B Typek, Carl (B) Forest, Hargett Marl (B) 
Senn, Charles (B) Vaughn, J. N.(C Hibler, Russell L. (B) 
Tetens, Raymond E. (B) Wells, ©. M. (B ST. LOUIS Mikami, Hiroshi (B) 

Wells, J. L. (¢ Huitt, J. Floyd, Jr. (B) Myburgh, J. C. F. (B) 


EAST TEXAS 


Werland, R.(C) 


Myron Hicks (B) 


Peg fram 


Arp, Forrest F. ( —" Rowland Sibley James SAN FRANCISCO . 
Mercer, Robert E. (¢ Fesan, James G;(C) 
HOUSTON IOWA-ILLINOIS Hagerman, Douglas W., Jr. (C Members ed 
Custer, Robert L. (B Reclassified . 
Blasdell, William C. (B) SUSQUEHANNA VALLEY 
Bowling, Leonard C. (B LOS ANGELES During the month of August 
Campbell, Dan W. (B) Oliver, Stuart K. (C) Mangle, Richard H. (B) 
Campbell, W. H. (B) TRI-CITIES CHICAGO 
Cook, Albert B., Jr. (B) MICHIANA ‘a Becker, R. Condit (C to B) 
Dobraski, William J. (C) Ostrom, Ray (B Burke, John (C) : 
Farris, Wesley (B) Shimkus, Robert P.(C Kekert, Fred H. (C) HOUSTON 
Carl d, kd. C. (B) Van Dresse N B) 
| G. L. ( “NEW YORK TUCSON 
Green, Roy C. (B) Cole, Philip B. (B) Hensy, PHILADELPHIA 
Holmes, T. E. (B) Craige, T. L. (B) ae) a an Phair, Robert 8. (C to B) 
NORTHWESTERN PENN. WASHINGTON Pfe M.(C to B) 
King, E. T. (B) SYLVANIA Cook. E. Lewis (C) PITTSBURGH 
LaFonte, Bob (B) Perry, Jess B., Jr. (C) Dawson, Clifford H. (C Priest, H. Malcolm (B to E) 


YOU SAVE A NICKEL everytime you change positions 
if you are using 


Aronson Universal Balance POSITIONERS 


see us in Booth 2435 at 
Dow the Notional Metal Show 


eas in Cleveland, Ohio, October 19 to 23 
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ARCADE, NEW YORK 
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Remember ine 


and “Tuse-TurNn” ar 
to products of Tus 


de marks “tt” 
applicable only 


Available in all piping materials! 


LLOY OR NON-FERROUS PIPING is often the answer to problems of 
A contamination, corrosive action, severe pressures and temperatures, or 
cyclic operation. You can obtain TUBE-TURN Welding Fittings and Flanges 
of stainless steels, nickel and nickel-base alloys, copper and copper-base 
alloys, aluminum and aluminum-base alloys, and newest of all, titanium. 
For good service in welding fittings, in carbon steels, or in alloy or non- 
ferrous metals, call your nearby TuBE Turns’ Distributor, He’s ready to 


serve you from industry’s most complete line. 


TUBE TURNS, INC. 
g @ KENTUCKY 
DISTRICT OFFICES: New York « Philadelphia « Pittsburgh + Chicago + Houston « Tulsa « San Francisco + Los Angeles « Denver « Atlanta « Dallas « Midland, Texas 
Subsidiaries: TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO © PENNSYLVANIA FORGE CORPORATION, PHILADELPHIA, PA. 


a 

an 
‘ 
4% 
The leading Manutact f \ 
Welding Fittings and } 
INGINEERING 
NOINECRING 


can help you cut cost of corrosion-resistant piping 


G. A. GAUM is one of 
TUBE TURNS’ Engineering 
Service Division men 
time in the field obtaining 
performance data that 
contributes to improved 
piping technology. 


cost of corrosion-resistant 
piping can often be minimized 
by the use of standard carbon steel 
piping plated on the inner surface 
with such materials as nickel, 
copper, etc. In atomic energy 
plants, nickel-plated piping in 
sizes through 42” is giving satis- 
factory service, and has substan- 
tially reduced original cost. The 
method is also applicable to many 


industrial processes where corro- 
sion resistant materials are specified. 

Such plating is generally .008” thick, and can be 
applied in heavier thicknesses where desirable. You 
can obtain recommendations on preferred plating 
sources, proper welding techniques and rods from 
TuBE Turns’ Engineering Service—always ready to 
help you with special piping problems. 


ALLOY WELDING ROD 


Installation procedure 
for nickel plated weld- 
\\ / ing fittings and flanges. 


NICKEL PLATED INSTALLATION PROCEDURE 


TURNS. (NC. recognized the weeld ower for its 
net only in Geld of welding fittings ond but ae 
source of autheotic information on piping @esige. 


TUBE TURNS, INC., Dept. O-9 

224 East Broadway, Louisville 1, Kentucky 

Please send me free copy of: 

Special Alloys Stainless Steel Welding 

(1) Pipe and Fitting Fittings and Flanges 
Materials () Design Properties of Pipe 


Address 
.. State 
Position . Company 


These welded aluminum lines, fabricated with Tuse-TuRN 
Welding Fittings, are permanently leakproof, reducing main- 
tenance to a minimum. Since Tube Turns, Inc. offers the 
world’s broadest line of welding fittings and flanges, all 
necessary types of welding fittings for any job can be obtained 
from one reliable source. 


Dimensional accuracy of TuBe-TurN Welding Fittings speeds 
fabrication in the shop or in the field. True circularity and 
uniform wall thickness assure perfect alignment. Each Tuse- 
TuRN welding fitting is individually examined by skilled 
inspectors for accuracy. 


DISTRICT OFFICES 


New York Tulsa 
Philadelphia San Francisco 


Pittsburgh Los Angeles 
Chicago Atlanta 
Houston Denver 


"tt" and “TUBE -TURN” 
Reg. U.S. Pat. Off. 


TUBE TURNS, INC. 


LOUISVILLE 1, KENTUCKY 
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4 Sponsored by the American Welding Society, 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers, 

American Society of Mechanical Engineers, Society of Naval Architect and Marine Engineers, 
American Society for Metals and American Society for Testing Materials 
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American Institute of Electrical Engineers, 
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The Effect of Alloving Elements on Welds 


in Titanium 


® The effects of iron, manganese, chromium and molybdenum on the 
mechanical and metallurgical properties of welded joints in titanium 


by G. E. Faulkner, G. B. Grable and 
C. B. Voldrich 


Abstract 


Iron, manganese, chromium and molybdenum are the principal 
beta-stabilizing elements used as strengtheners in commercial 
titanium allovs. The effects of these elements on the mechanical 
and metallurgical properties of welded jomts in titanium were 
studied in four series of experimental binary alloys prepared in 
the 


com positions designed to cover the range where most 0 
useful alloys are expected to fall 
Inert-gas-shielded tungsten-are-welded joints were made in 


-in.-thick plates of the experimental alloys 


and 
These welded jomts were studied for tensile, bend and notch 
toughness properties hardness and microstructure 

The bend ductility of welded joints in the alloys with lowest 
allov content was fairl, good However, the bend ductility de 
creased rapidly with increasing alloy content and became low 
when 3 to 6% alloy content was reached. Postweld heat treat 
ment was successful in improving the bend ductility of most of 
the welded joints in alloys containing up to 6% alloying element 
With one exception, welded joints in plates containing over 6% 
alloving element had low bend ductility in both the as-welded 
and heat-treated conditions. The exception was the 13% 
chromium metastable-beta alloy which had excellent bend duc- 
tility in the as-welded condition The trend in the notch tough- 
ness properties of the welded joints with increasing alloy content 
was similar to the trend observed in the bend properties. The 
welded joints which had fair bend ductility generally had rela 
G. E. Faulkner is Welding Engineer, G. B. Grable is Assistant Supervisor 
and C. B. Voldrich is Chief Welding Engineer with the Battelle Memorial 


Institute 


Paper covers material presented at the AWS Thirty-third National Fall 
Meeting, Philadelphia, Pa., week of October 19, 1952 and at the AWS 
National Spring Meeting held in Houston, Texas, June 16-19, 1953 
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tively good noteh toughness, and those which had low bend 


ductility generally had low notch toughness. Transformation 


hardening of the weld metals and heat-affeeted zones appeared 
to be correlated with bend ductility and notch toughness in 


alloys containing up to 6% alloying clement. Results indicate 


that factors such as freezing segregation, cast structure and 
contamination may have contributed to the embrittlement of 


the welded joints in the higher alloys. Freezing segregation was 


observed in the weld metals of most of the metastable-beta alloys 


INTRODUCTION 


f Hike relatively light weight and high strength of 
titanium alloys have stimulated great interest in 
their possible use i certam types of ordnance 
equipment. However, the alloys have to be fab- 

ricated by welding to be of greatest value for most 

applications, and the weldments must have suitable 
strength, ductility and resistance to impact loading lor 
use under service conditions 

Karly attempts at welding the higher strength types 
of alloy showed that the heating and cooling evcles 
involved in the welding operation generally produced 
welded joints with low ductility. The majority of 
these alloys contain beta-stabilizing elements which 
strengthen the metal by stabilizing the relatively high- 
strength beta phase of the alloy 

Although considerable work had been done in deter- 
mining the metallurgical and mechanical properties of 
titanium alloys containing beta-stabilizing additions, 


knowledge concerning the effects ol these elements on 


{81 -s 


| 
— 


weld-joint) properties was very limited. In order 
to obtain a better understanding of these effects as a 
basis for an approach to fabricating high-strength light- 
weight titanium alloys for ordnance applications, 
Watertown Arsenal authorized this investigation. 

The objective of the investigation was to obtain 
fundamental information concerning the effects of 
iron-, manganese-, chromium-, and molybdenum-alloy 
additions on welded joints in titanium. These elements 
are the principal beta-stabilizing elements now being 
used in commercial alloys. In conducting the investi- 
gation, four series of experimental binary alloys con- 
taining the above elements were selected and prepared. 
The compositions of the alloys in each series were selec- 
ted to cover a range in which useful alloys were expec- 
ted to fall. Inert-gas-shielded tungsten-are welds 
were made in and '/,-in. plates of the alloys, 
and the welded joints were investigated to determine 
their mechanical and metallurgical properties. 


MATERIALS 


The compositions of the four series of alloys prepared 
for this study are shown in Table 1. Commercially 
pure titanium metal was prepared also for comparison 
purposes. The following designations were given to 
the alloys to facilitate discussion of results: 


|. Low alloys (0 to 3°) alloy content). 
2. Intermediate alloys (3'/2 to alloy content). 
3. High alloys (7 to 15°; alloy content). 


Titanium sponge and electrolytic iron, manganese, 
chromium and powder-metallurgy molybdenum were 
used in preparing the alloys. The alloys were are 
melted in a single electrode furnace in which the are 


Table l—Compositions of Titanium Alloys 


Actual composition, wt % 
and 


Nominal com position % plates* plates* 
Iron alloys 
0 52 0 52 
3! 3.16 3.16 
17 
7 7.3 7.3 
Manganese alloys 
l 0 SS 0 SS 
3 2.85 2.85 
5 5 88 
10 O38 
15 146 46 
Chromium alloys 
0 40 
3 2 82 00F 
5 76 5 40t 
10 90 
5 13.0 
Molybdenum alloys 
110 0 70t 
3 4.08 2.55t 
58 §.1 7 
10 9.7 fT 
15 146 145 


* Alloy filler metals were prepared from the same materials as 
the base plates 
t Plates prepared from small ingots 
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was maintained between a water-cooled tungsten elec- 
trode and the charge, which was placed in a water- 
cooled copper crucible. All melting was done under an 
atmosphere of helium and argon, the mixture of gases 
being adjusted for optimum melting operation. 

The furnace charge consisted of a mixture of titanium 
sponge and master alloys. The compositions of the 
master alloys were 65°) chromium, 35°; titanium for 
the chromium alloys and 50°; alloy element and 50° 
titanium for the other alloys. All of the master alloys 
except the molybdenum master alloy were prepared by 
are melting mixtures of titanium sponge and the alloy- 
ing elements. The molybdenum master alloy was 
prepared by powder-metallurgy methods. The purpose 
for using master alloys was to provide a more uniform 
furnace charge for melting. The master alloys increased 
the volume of the alloying element with respect to 
the volume of the titanium sponge and made it easier 
to prepare a homogeneous furnace charge. Certain 
requirements were necessary for the furnace charge to 
be used in are melting. The titanium sponge and mas- 
ter alloys were sereened to a plus '/,-in. and a minus 
'/-in. particle size. The residual magnesium chloride 
in the titanium sponge was removed prior to melting 
to minimize spatter during the melting operation. This 
was accomplished by leaching the sponge material in 
methanol. The sponge was then furnace and vacuum 
dried before melting. 

The alloy ingots were melted twice to obtain plate 
of uniform composition. First, ingots were prepared 
by melting the titanium sponge and master alloys. 
These ingots were then forged, rolled to '/s-in. sheet, 
grit blasted, sheared into '/y- by '/y-in. chips, cleaned 
and remelted in the are furnace. 

Twenty-five-pound ingots of the experimental alloys 
were prepared, forged and rolled to '/s-, '/s- and '/s-in. 
plates for welding tests. Strips '/s in. wide were 
sheared from the '/s-in.-thick plates for the filler metals 
used in making the welds. In the case of the chro- 
mium- and molybdenum-alloy series, small 1-lb ingots 
were the first available and were used in welding tests 
in '/,-in. thicknesses. Generally, the forging tempera- 
ture was 1700° F, and the plates were rolled at 1400° F. 
However, for some of the high alloys in the large ingots, 
forging was done at 1900° F, and the plates were rolled 
at approximately 1500° F. 

The surface seale which formed on the plates during 
forging and rolling was removed by grit blasting. After 
grit blasting, the plates were heat treated. The heat 
treatments given to the base metals prior to welding 
and testing were as follows: (1) the commercially pure 
titanium alloy was heated to 1500° F for | hr and air 
cooled; (2) the four series Gi experimental alloys were 
heated to 1350° F for 1 hr, furnace cooled at a rate of 
about 3 deg per minute to 1150° F and quenched in 
water. 

Difficulties were encountered in preparing large in- 
gots of the 15°) chromium and 15° molybdenum 
alloys. The plates prepared from large ingots of these 
alloys had very low bend ductility and were considered 
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+ -inch Plate 


Layer Amperage 


Voltage ~ | Electrode | Rate of travel. | 
diameter, n in/ mn 
100 24/26 4 


| | | | 4 


+ “Inch Plate 


Fig. 2) Controlled-atmosphere welding chamber 


St | damental study of this nature, it was considered de- 
: SJ sirable to minimize the variables which mig't affect 
welded-joint properties Phe welding conditions and 
welding chamber are shown in Figs. | and 2, re- 
Loyer | Amperage | Voltage | Electrode | Rate of travel, spectively. Single-laver welds were made in the 
+ eA plates, two-layer welds were made in the '/y-in. plate 
2 100 24/26 | ; 5 and four-laver welds were made in the '/s-in. plates, 
= 4 4 4 ‘ 
- =e... | 4 | In the '/.-in. plates the final weld layer consisted of two 
4 


passes 
Joint designs and welding conditions 


unsatisfactory for the study 


However, small got 
of 15°, molybdenum was melted and rolled to '/4-in 
plate for welding tests 


WELDING PROCEDURES Direction of rolling 
Plate-edge preparation for welding consisted of bev- . 
eling the '/y- and '/,-in. plates by grinding to form a G. Longitudinal Bend Specimen 


single vee with an included angle of 70 deg for the '/4-in 
plates and 90 deg for the '/s-in. plates. The “In 


! 


plates were beveled by sawing to form a single vee with 


an angle of 70 deg. The root face in all thicknesses of 2: \ 
material varied from 0 to ! in. Prior to the welding \ 
\ 
operation, the specimens were pickled in a 4°, hydro- 
fluorie 10°) nitric acid solution, washed free of acid .\ Transverse bend specimen 
: wire brushed. The surfaces »spec ns t 
ind wire bru hed Che surfaces of the pecimen hu 4 
prepared were bright and appeared to be free of film, z la «< 
Details of the assemblies for welding the '/o- and '/4- 
in. specimens are shown in Fig. 1. The '/,- and '/,-in ~ 


specimens were placed on carbon steel backing plates 


The Yr 


-in. weld specimens were placed in carbon steel jigs 


-6"— 


and held in place with copper bars and C-clamps 


Direction of rolling 

having grooved copper bars which served, as backings \ 
for the welds. Root spacing was approximately 
in. in all thicknesses of plate material 

All welds were made manually with a water-cooled =~ 
tungsten-are torch, using straight polarity, direct cur- /~ 
rent in an airtight chamber filled with helium. The a 
welding chamber was used to minimize contamination 4 


during the welding operation. Satisfactory welds 


probably could be made in many of the alloys without b Orientation of Test Specimens in Welded Plates 


the use of the welding chamber. However, in a fun- Fig. 3) Specimens for weld-joint tests, '/,-in. plate 
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The types of test specimens prepared are shown in 
Fig. 3. Longitudinal bend-test specimens were pre- 
pared in the '/y- and '/,-in. alloys with the weld par- 
allel to the direction of rolling of the plate. In the 
'/,-in. plates, specimens were prepared also with the 
weld transverse to the direction of rolling of the plates. 
The latter weld specimens were sectioned, as shown 
in Fig. 3, and were tested for transverse bend ductility, 
joint tensile strength and notch-toughness properties. 
The plates for the '/:-in. weld specimens were 2'/, in. 
wide and 6 in. long. These plates were prepared with 
a weld 6 in. long transverse to the rolling direction of the 
plates. The '/,-in. weld specimens were sectioned for 
making transverse bend and notch-toughness tests. 

The filler metals used for making most of the welds 
matched the composition of the base materials. How- 
ever, longitudinal weld bend specimens were prepared 
in the four series of '/q-in.-thick alloys using both alloy 
and commercially pure filler metals. 


TEST PROCEDURES 
The tests performed on the base metals and welded 
joints consisted of tensile, bend and notch-toughness 
tests, hardness studies and metallographic examina- 
tions. The welds were examined visually for surface 
defects and freedom from contamination. After visual 
examination, the welds were radi- 


in the bend tests when an open defect measuring over 

i in. in any direction was observed. The bend duc- 
tility of the '/s-in. specimens was calculated from the 
minimum die radius over which the specimens could be 
bent before failure occurred. A grid was made on the 
'/-in. specimens, and the bend ductility was measured 
over a '/>-in. gage length. 

Transverse bend tests were made on welds in the 
'/~ and '/.-in. thick plates, wherein the direction of 
strain was normal to the weld. The bend specimens 
were '/, in. wide and 6 in. long in the '/,-in. plates and 
‘/, in. wide and 5 in. long in the '/.-in. plates. Weld 
reinforcements were removed prior to testing. The 
'/;-in. transverse bend specimens were tested as free 
bends, and the elongation was measured over a '/»-in. 
gage length by the use of a grid. The '/:-in. specimens 
were tested as guided bends, and again elongation was 
measured over a '/.-in. gage length. 
bend tests were made also on specimens cut from !/4-in. 
These specimens were 


Some transverse 


longitudinal bend specimens. 
tested by making guided bends. 
Notch-toughness tests were made on welds in the 
For the tests in the '/,-in. plates, 
The designe of this 


and '/,-in. plates. 
a microimpact specimen was used. 
specimen, which is being used in other titanium inves- 
tigations at Battelle, was based on the cylindrical Izod 
Type Y specimen with a circumferential notch. All 


ographed to determine their sound- T 
Ultimate 


ness before removal of the test yield 


r Elongation 


Ultimote 
yield 
r Elongation 


specimens. 
The base-metal and welded-joint 


a 


wat 


tension test specimens were of the 


flat-bar type with a reduced section 


were '/, by '/q in. The yield 


a 
2 in. long. The cross-sectional 
dimensions of the reduced section 

i 


strength for each alloy was deter- 


FEZ, 4 
i 


p 
Elongation , per cent 


mined at 0.2; offset, and the elon- Ss 
gation was measured over a I-in. 
gage length. In the joint tension py ™ 
center of the reduced section. iron, per cent Manganese , per cent 
Bend tests were made on the base 

metals with the strain in the diree- & Ultimate Ultimate 

160 © Yield O Yield 
tion of rolling of the plate. Guided + © Elongotion + © Elongation 


bends were made whereby bending ' 


was performed using dies of different 


radii, starting with those with large : “Ye 
radii, and reducing the die radius 8 100 
until failure of the specimen oc- 1 
curred, 

Longitudinal bend tests were © 

made to determine the ability of = 


& 
Tensile Strength , 1000 psi 


i 


the metal in different zones in the 


welded joint to deform plastically 


together. Straining was produced 


Elongation , per cent 

Elongation , per cent 


d 


in the direction parallel to the weld 

by making guided bends. Failure 
was considered to have occurred 
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Fig. 4 Effect of composition on mechanical properties of ‘/.-in. alloy plate 
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dimensions were reduced to '/; scale, including the notch 
radius. The round-bar specimen was 1'/s in. long with 
a diameter of 0.225 in. The 45-deg notch was 0.0375 
in. in depth with a 0.005 in. radius at the root and was 
located in the center of the specimen. The specimen 
was held vertically and broken as a cantilever beam in a 
constant-velocity (11.34 fps) Tinius Olsen impact test- 
ing machine. The notch-toughness tests conducted 
on welds in '/:-in. plates were made using a standard 
vee-notch Charpy bar. 

Correlation curves! have shown that the notch- 
toughness values obtained from microimpact specimens 
in inch-pounds are approximately equivalent numer- 
ically to the values obtained in foot-pounds from vee- 
notch Charpy specimens. To obtain equivalent vee- 
notch Charpy values, the microimpact values in inch- 
pounds should be multiplied by the factor 10/12. 

Hardness surveys were made on cross sections of the 
welded joints. Vickers hardness measurements were 
made using a diamond pyramid indenter and a 10-kg 
load. Hardness readings were taken at 0.03-in. inter- 
vals, starting in the base metal and proceeding through 
the heat-affected zone and into the weld metal. A sin- 
gle traverse was made across the '/s-in. welds. Two 
traverses were made across the ! in. Welds to deter- 
mine if there was a hardness variation between the 


Hardness 


traverses were made normal to the surface in the -in 


first and second layers of the welded joint 


welds to determine if variations in hardness existed in 
the different weld layers. 

Microstructural examinations of the welded joints 
were made to determine if a correlation existed between 


variations in structure and welded-joint properties 


a inch sheet Linch sheet 
+-inch plate nch plate 


O ¥-inch plate 


Bend Ductility, per cent 
Bend Ductility, per cent 
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Fig. 5 Bend ductility of unwelded alloy plates (strained 
parallel to rolling direction of plates) 
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As Welded Treated 
Fig. 6 Longitudinal bends in '/.-in. titanium-iron welds 
(bend results typical of those obtained in the four series of 


alloys, data shown in big. 7) 


The examinations were made also to determine the 
effects of heat treatment on the microstructures of the 
weld 

The welds studied in this investigation were tested 
in both the as-welded and heat-treated conditions. The 
heat treatments were carried out in stainless steel re- 
torts which were purged of air and had a steady flow of 
argon maintained through them during the operation. 
This was done to protect the base metal and weld sur- 
faces from contamination during the heat treatments. 
If the heat treatments required quenching from temper- 
ature, the retort was opened and the materials were 
quenched in water. However, if a slow cool from tem- 
perature was required, the specimens were left in the 


retort during cooling. 


POSTWELD HEAT TREATMENT 


The postweld heat treatments used in this study 


and their designations are listed below: 


1. An alpha-beta heat treatment, which consisted 
of heating the specimens to 1350° F, furnace 
cooling at a rate of approximately 3 deg per 
minute to 1150° F, followed by water quench- 
ing. 

A beta-quench heat treatment, which consisted 
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hig. 7 Longitudinal bend ductility of welded and un- 
welded | .-in. alloy plates 


of heating the specimens into the beta field 
and water quenching. 

3. A beta-anneal heat treatment, which consisted 
of heating the specimens into the beta field 
and furnace cooling. 

The alpha-beta heat treatment was designed to over- 
come transformation hardening whieh occurred in 
welding and to cause maximum alpha transformation to 
take place, thus stabilizing the alloys. The specific 
parts of the alpha-beta heat treatment were selected for 
the following reasons: 

1. The initial holding temperature of 1350° F is 
high in the alpha-beta field. At this temperature, dif- 
fusion is rapid and the rate of transformation of beta 
to massive alpha is high enough so that long holding 
times are not required to approach equilibrium. This 
treatment softens the hard transformed-beta structure 
which occurs in some of the weld metals and heat- 
affected zones in the as-welded joints. 

2. The slow cool from 1350 to 1150° F was selected 
to further stabilize the beta phase of the alloy, causing 
a maximum amount of alpha rejection from the beta 
phase so that the alloy would be less susceptible to aging 
which results from beta instability. 

3. The water quench from 1150° F was used to cool 
the high alloys rapidly enough to prevent possible pre- 
cipitation hardening. In all probability, an air cool 
would have been sufficiently fast for this purpose. 

The beta-quench postweld heat treatment was used 
on most of the welds in high metastable-beta alloys, be- 
cause it is believed to give optimum mechanical prop- 


erties to these alloys. Base metals of these alloys gen- 
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Fig. 8 Longitudinal bends in '/,-in. titanium-iron welds 
(bend results typical of those observed in the four series of 
alloys, data shown in Fig. 9) 


erally show maximum strength and duetility combina- 
tions in the all-beta condition. The heat treatment was 
used to place the alloy in the all-beta condition and to 
cool it rapidly enough to prevent the precipitation of 
alpha. 

The beta-anneal heat treatment was used on some of 
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Fig. 9 Longitudinal bend ductility of welded and un- 
welded '/,-in. alloy plates 
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the longitudinal weld bend specimens made in the low 
and intermediate alloys. For these alloys, the slow 
cool through the transformation range permits the 
beta-to-alpha transformation to proceed by a nucleation 
and growth process. A further value of this heat treat- 
ment lies im the fact that, except lor the columnar grains 
in the weld metal, it places all zones in the welded jomts 


The dis- 


advantages are that this heat treatment requires taking 


in practically the same structural condition 


the alloys to higher temperatures where risk of con- 
tamination is greater than for the lower temperature 
heat treatment. Distortion and sagging may occult 
also because of the lower strength of the alloys at tem- 
peratures in the beta field. This heat treatment prob- 


ably would cause embrittlement in the high alpha-beta 


and metastable-beta alloys because of the slow cool at 
temperatures where precipitation hardening is likely to 
oceur 

Other heat treatments could have been used to im 
prove weld ductility, and in some cases greater im 
provement might have been obtained had other heat 
treatments been used. However, it is believed that 
these heat treatments provided an indication of the 
value of postweld heat treatments for improving welded- 
joint ductility 


Fig. 10 Longitudinal bends in '/.-in. titanium-chromium 
welds 
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DISCUSSION AND RESULTS 


The tests used in conducting this investigation were 
not designed to establish all of the properties of the al- 
lovs and welded joints studied, but were planned to 
obtain information whieh would show the trends de- 
veloped in each alloy series. For this reason also, one 
heat treatment was used on all base materials mstead ol 
selecting a heat treatment for each alloy studied, The 
results presented are from single specimens unless other- 
wise noted Single specimens were considered suatis- 
factory for an investigation ol this type, because im 
studying a series of alloys relationships are established 
that serve as a check on the individual test results. In 
presenting the results obtained, nominal alloy compo- 
The data 


obtained from tests on the commercially pure titannim 


sitions are used in referring to the alloys 


metal are included in all curves at OC; alloy. 
Preliminary examination of the welds showed that 
the surfaces were shiny, tdicating a minimum of 
Welds 
Radiographs 


contamination during the welding operation 
which were discolored were rejected 
showed the welds to be sound except for a slight 
amount of fine porosity in some of the welds This tine 


porosity was found also in the microscopie examma- 


Fig. 11 Transverse bends in '/,-in. titanium-iron welds 
(bend results typical of those observed in the four series of 
alloys, data shown in Fig. 12) 
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fig. 12) Bend ductility of welded and unwelded ‘/,-in. 
plates (strained transversetto weld and parallel to rolling 
direction of plate) 


tions of the welds. Transverse cracks were found in 
the 15°) manganese weld specimen before testing. No 
cracks were observed in the welds of the other alloys. 


Tensile Tests 


The tensile properties of the | ,-in. alloy-plate ma- 
terials tested in this program are plotted in Fig. 4. It 
was found that the tensile and yield strengths of the 
stabilized alloys increased, and the elongation decreased 
With increasing alloy content. Generally, the ultimate 


Heat Treated 


Fig. 13°) Transverse bends in titanium-iron welds 
(bend results typical of those observed in the four series of 
alloys, data shown in Fig. 14) 
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plates (strained transverse to weld and parallel to rolling 
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Fig. 14 Bend ductility of welded and unwelded ‘/»-in. 


direction of plate) 


strength increased from about 70,000 psi for the com- 
mercially pure metal, to about 140,000 to 160,000 psi 
for the high alloys. The tensile properties of the !/,-in 
plates were very similar to those shown for the ! /s-in.- 
thick materials. 

Joint tension tests were made on welds in the '/,-in. 
plate. The specimens were oriented with the welded 
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Fig. 15 Longitudinal bend ductility of heat-treated welds 
in '/,-in, plates 
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Fig. 16 Room-temperature notch-bar tests for welded and 
unwelded '/,-in. plates (round-bar specimen, 0.225-in. 
diam. broken as a cantilever beam) 


joint in the center of the reduced section of the speci- 
men. Practically all of the joint tension test specimens 
failed in the base metal at stress levels very similar to 
those which produced failures in the base-metal tension 
test specimens. The results of the joint tension tests 
on postweld heat-treated specimens are shown in Table 
2. These tests showed that the weld metals and heat- 


Chromium, per cent Molybdenum, per cent 


Fig. 18 Notch-bar tests on weld metals in '/,-in. plate 
(vee-notch Charpy specimens) 


Bend Tests 


s-, and '/e-in. base 
The bend ductility of the 


iron and manganese alloys decreased with increasing 


The bend ductility of the 
metals are shown in Fig. 5 
alloy content throughout the alloy series. It decreased 
from a value of 30 to 45°) for the commerically pure 


affected zones had greater strengths than the base metal to practically zero for the 7°) iron and 15% 
metals. manganese alloys. In the case of the chromium- and 
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Fig. 17 Notch-bar tests on unwelded '/,-in. plates (round-bar specimen, 0.225-in. diam, broken as a cantilever beam) 
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Table 2—Joint Tensile Strength of '/.-In. Welded Plates 


Ultimate tensile strength, psi* 


Base-metal Joint tension test 
Nominal composition, % specimen specimen t 
Commercially pure titanium 77,1003 67 ,OO00§ 
Iron alloys: 
V/s 87 500 500 
2 101,500 104,000 
3'/3 106,900 103 ,200 
5 117,000 115,300 
Manganese alloys: 
82,000 83, 100 
6 119,900 118,500 
10 141,000 125, 400° 
Chromium alloys: 
88 , 300 91,200 
3 105, 100 106,200 
6 124,700 123,200 
10 145,000 139,000) 
Molybdenum alloys: 
92,800 96, 400 
46, 600 97 , 300 
6 111,500 106,900 
9 132,200 132,500 


* Alpha-beta heat-treated condition. 
+ Failed in base metal. 
t Heated to 1500° F for 1 hr and air cooled. 
§$ Tested in the as-welded condition. 
Tool mark on specimen. 
© Failed in weld metal. 


molybdenum-alloy series, the bend ductility decreased 
with inereasing alloy content 


as-welded condition; whereas, alloys of the next higher 
alloy content in each series had very low bend ductility 
as welded. 

Postweld heat treatment improved the bend ductil- 
ity of welded joints in alloys with up to 6% alloy 
content. The alpha-beta heat treatment which was 
used on welded joints in these alloys resulted in slight 
to moderate improvement in bend ductility. Only 
slight improvement was generally found in welds which 
had fair bend ductility as welded; whereas, substantial 
improvement was found in some of the welds which had 
low bend ductility as welded. 

The bend ductility of the alpha-beta alloys with over 
6°) alloy content was very low both as welded and heat 
treated. The welds did not appear so brittle after 
heat treatment as they did in the as-welded condition, 
but no measurable increase in ductility was found. 

With one exception, the welded joints in the meta- 
stable-beta alloys had low bend ductility in both the 
as-welded and heat-treated conditions. The exception 
was the 13°, chromium alloy in which the single-layer 
welded joint in the '/;-in.-thick plate had very good 
ductility as welded but was embrittled by the beta- 
quench heat treatment from 1400° F. Bend specimens 
in the chromium-alloy series are shown in Fig. 10 and 


through the alpha-beta alloys and 
then increased for the metastable- 
beta alloys. In the '/s-in. alloys of 
molybdenum and chromium, the 
bend ductility of the alloys was good 
for all compositions studied. 
Longitudinal bend tests were 
made on welded joints in the */¢- 
and '/,-in.-thick alloy plates. The 
results obtained from these tests 
and typical examples of the welded 
specimens tested are shown in Figs. 
6-9. The results shown are for 
welded joints made with filler 


Vickers Hardness Number, |O-kg load 


metals of the same composition as fe) 
the base metals. 
The trends observed in the 


single-layer welds in the !/s-in.-thick 
plates and the two-layer welds in the 
'/,-in.- thick plates were very simi- 
lar. The bend ductility of welds 
in the alpha-beta alloys decreased 
rapidly with increasing alloy con- 
tent. It appears that in order to 
produce ductile as-welded joints in 
the alpha-beta alloys, the beta-stabi- 
lizing alloy content must be held to 


Vickers Hardness Number, |O-kg load 
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relatively low level. This is | pipha-beta heat 
shown by the fact that the commer- / treated except |3% 
cially pure titanium metal and the Son, — 

aining 307 4 Heatoaffected zone 
alloys containing up to manga Weld metal | 
nese, 19% chromium, 2°) iron and fe) 5 10 15 505 5 10 15 
1°, molybdenum produced welded Chromium, per cent Molybdenum, per cent 
joints with fair bend ductility in the Fig. 19 Hardness values for welds in '/s-in. plate 
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a = | typical examples of the specimens 
8 500 -4 ps 500} it | J tested are shown in Figs. 11-14. 
e | Che transverse bend tests gave 
* * } results similar to those obtained in 
making longitudinal bends lhe 
3 2 bend duetilits ol the as-welded 
€ 
5 | 3 joints decreased rapidly with in- 
= 
am wo creasing alloy content and became 
8 300 | & 300 low when the alloy content reached 
3 to 6! Generally, the transverse 
— As welded 2 — As welded 
~-- Alpha-beta heat --- Alpha -beto bend ductility of welded jomts with 
7 © Bose metal s © Base mete! fair bend ductility was highe r than 
xe) Heat-offected z 200, Heat-affected zone the longitudinal bend duetility of 
> © weld metal > © Weld metal joints in 4] 
\ oll ] eC 2 OVS, 
0 5 10 15 fe) 5 10 15 Che mechanisms which caused the 
Iron , per cent Manganese, per cent heat-atfected-zone failures to oceur 
in the longitudinal bend speci- 
t “ar to cause heat- 
As welded li did ho ) 
5) --- Alpha-beta heat treated except affected-zone failures in the trans- 
3 500- — 8 500 15 % alloy given beta quench 
= = © Base metal verse bend specimens. 
Heat -oaffect ne | P 
2 =z Longitudinal weld bend specimen: 
were prepared in the '/,-in. alloy 
400 400 plates using commercially pure filler 
E E metal. The results obtained in 
> 
2 Zz r bending these specimens were about 
o ¥ the same as those obtained in test- 
2 300 300 
2 7° Pp ing longitudinal bend specimens of 
Ided 
s welde welds made th ¢ metal: 
? ff” --~ Alpha-beta heat r ve lds made with alloy filler metals. 
¢ treated except |O% Failures in the specimens welded 
x alloy given betaannesl 
2 200 © Base metal % 200 with commercially pure filler metals 
> 4 Heat-affected zone 
| OC Weld metal | > " occurred in the heat-affected zone 
150 10 150 Small transverse bend specimens 
fe) 5 10 15 5 Te) sma ransverse 
Chromium, per cent Molybdenum, per cent were cut from longitudinal speci- 
hig. 20) Hardness values for welds in '/,-in. plate mens in the iron-alloy” series and 
bent with maximum strain oecur- 
ring in the weld metal. The 
indicate the excellent bend ductility found in the weld welded joints im all but the 7°) iron alloy had fairly nt 
in the 13% chromium alloy. In the ease of welded good transverse bend ductility. Practically all deforma- 
joints in the 15°, molybdenum alloy, the base metal tion occurred in the weld metal. 
was ductile but the weld was brittle: whereas. in the In the results presented above, the alpha-beta heat 
ease of the 7; iron and 15°; manganese alloys, the treatment was used on the welds in the alpha-beta al- 
base metal also had low bend ductility loys, and the beta-quench heat treatment was used on 
The major differences between the bend test results welds in the 13% chromium, 15°) manganese and 15° 
on the single- and two-layer welded joints appeared to molybdenum metastable-beta alloys. ‘There were two 
be the location of failure. The failures in the single- exceptions to this practice The alpha-beta heat treat- 
layer welds in the ! 5-in. specimens generally occurred ment was used on the weld in the 15°) manganese 
in the weld metal Failures in the two-layer welds in ' yin. longitudinal bend specimen, and the beta-an- 
the '/,-in.-thick specimens generally occurred in the neal heat treatment was used on the weld in the 10% 
heat-affected zones in the welded joints which had some chromium '/,-in. longitudinal bend specimen. The 
ductility in either the as-welded or heat-treated condi- beta-anneal heat treatment was used also on some of the 
tions. ‘These heat-affected-zone failures apparently longitudinal weld bend specimens in the low and inter- ‘ 
initiated from microcracks which appeared in these mediate alloys. It was used in an attempt to eliminate 
zones early in bending operation The cracks at this the heat-affeeted-zone failures observed in longitudinal 
stage were limited to a length of from 0.03 to 0.05 in., bend tests on two-laver welds in '/-in. plates. It was 
and began to propagate only after considerable addi- found, however, that the heat-affected-zone failures 
tional bending had been accomplished persisted in the test specimens given the beta anneal, 
Transverse bend tests were made on welded joints in but weld-metal and base-metal failure ulso occurred 
and -thick plates. The welded joints were Figure shows & comparison between the bend due- 
made with filler metals of the same composition as the tility of welds given the alpha-beta heat treatment and 
base metals The results obtained from these tests and welds given the beta anneal! The beta anneal appeared 
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to be more effective in improving the bend ductility of 
welds in the chromium- and molybdenum-alloy series 
than the alpha-beta heat treatment. 


Notch-Toughness Tests 


Koom-temperature notch-toughness values obtained 
on the '/in. plate materials and weld metals using the 
microimpact specimens are shown in Fig. 16. The 
specimens were oriented in the testing machine so that 
the portion of the notch in the face of the weld was under 
maximum tension stress. The results shown are from 
single tests for all but the iron-alloy base metal. In 
the results for the iron-alloy base metals, the values 
shown are the averages of two tests. 

The base-metal notch toughness of the low and in- 
termediate manganese, chromium and molybdenum 
alloys was relatively good, while the notch toughness of 
the high alloys was relatively low. The iron-alloy base 
metals had fairly low notch toughness for the low and 
intermediate compositions, and, in some cases, the 
notch toughness of the weld metal was higher than 
that of the base metal. 

Weld-metal notch toughness appears to be correlated 
fairly well with bend ductility. With the exception of 
the heat-treated welded joint in the '/:°% iron alloy, 
welded joints which had fair bend ductility also had 


relatively good notch toughness. In the case of welded 


(a) Two © cent 
iron weld metal, 
as-welded, coarse 
acieular trans- 
formed-beta 
structure. VHN 
Sol, 250 


(b) Same as above 
after alpha-beta 
heat treatment, 
alpha plates 
coarsened hy heat 
treatment. VEIN 
275. 250 


Mile 


joints with low bend ductility, the notch toughness 
also was generally low. However, welded joints in 
the 3°% chromium and molybdenum alloys had low 
bend ductility in the as-welded condition, but their 
notch toughness was relatively good. The notch 
toughness of some of the welds was improved by the 
alpha-beta heat treatment. In the welds in the chro- 
mium and molybdenum alloys, the notch toughness of 
the welds of the 3 and 6% chromium and molybdenum 
alloys was substantially increased by heat treatment 
In the case of the welds in the iron and manganese 
alloys, heat treatment had little effect on the notch 
toughness of all but the '/2% iron alloy which had low 
notch toughness after heat treatment. 
Notch-toughness tests were made also on the 
base metals at —40° F. The results of these tests are 
shown in Fig. 17. The notch toughness of the base 


metals at this temperature was generally lower than the 
room-temperature values but remained relatively good 
for most of the low and intermediate alloys. 

The results of notch-toughness tests made on welded 
joints in '/:-in. plates are shown in Fig. 18. These 
tests were made on vee-notch Charpy specimens with 
the notch oriented normal to the weld surface to include 
all weld layers. They were tested in either the as- 
welded or heat-treated condition, depending on the con- 
dition in which they exhibited ductility in bending. 
These tests were made at room temperature and — 40° 


(ce) One per cent 
manganese weld 
metal, as-welded 
coarse acicular 
transformed-beta 
structure. VHN 
20. 250 


(d) Same as above 
after alpha-beta 
heat treatment, 
alpha plates 
coarsened by heat 
treatment. 
223. x 250 


Fig. 21 Weld-metal structures in '/,-in. low alloys 


192-8 Faulkner, et al. 


Welding Titanium 


WELDING RESEARCH SUPPLEMENT 


— 
= 


F. Room-temperature results on the '/.-in. weld 


metals were similar to those observed in the '/4-in 
weld specimens. The notch toughness of welded joints 
in the commercially pure metal and low alloys was higher 
in the '/s-in. plates than in the '/,-in. plates. The 
toughness values obtained on the !/s-in. welds at 10 
lower than for tests. The 


I’ were room-temperature 


values remained relatively good for most of the weld 
metals in the low alloys and the 6% molybdenum inter- 


mediate alloy. 


Hardness Studies 


The average hardness of the base metals, heat-atfected 


metals m the four series of alloys 
19 and 20 
hardness curve was drawn for each 


In all but the metastable-beta alloys, 


zones and weld 


are shown in Figs. For simplification, only 
one base-metal 
series of alloys. 
the heat treatment given the welded joints was the same 
as the heat treatment given the base metal before weld- 
ing. Consequently, the hardness of the base metals in 
the as-welded specimens was very similar to the hard- 
ness of the base metals in the heat-treated specimens 
The hardness of the base metals increased with in- 


creasing alloy content in accordance with their in- 


creased content of strong beta phase. However, the 


hardness of the weld metals and heat-affected zones in 


the as-welded condition generally increased to a maxi- 


mum and then decreased as the alloy content increased. 


In many ol the welded jomts, the hardness of the 


as-welded weld metals and heat-atfected zones was 
considerably higher than the hardness of the base 
metals. These harder structures were formed as a 


result of heating the weld metals and heat-atfected 


zones into the beta field during the welding operation 


and rapidly cooling. The hardening of these zones is 


due to the transformation of beta to alpha by a com- 


bination of the martensitic shear-type reaction and 


precipitation or pre-precipitation of alpha proceeding 


by diffusion processes. The resulting increase m 


hardness is called transformation hardening. ‘Trans- 
formation hardening imcreased with increasing alloy 
content in the low and intermediate alloys and generally 
reached a maximum in the intermediate or high alpha- 
beta alloys Except in the case of the high-iron alloy, 
transformation hardening decreased considerably in the 
metastable-beta alloys and was practically negligible 
for the 13°) chromium and 15°, manganese metastable- 
beta alloys 

The effect of heat tr 


ening is shown by comparing the hardness of the weld 


eatment on transformation hard- 


metals and heat-affeected zones in the as-welded and 


heat-treated conditions. The alpha-beta heat treat- 
ment brought about a change from the complex strue- 


ture resulting from rapid cooling from the beta field to a 


a 
¢ ~ / 
after alpha-be he (d) Same as above 
treatment. VIN a> ‘Gf coarsened by heat 
F 
ag f/ a 
hig. 22) Weld-metal structures in '/,-in. low alloys 
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simple two-phase alpha-beta structure approximating 
equilibrium in the range 1350 to 1150° F. 

The hardness results obtained on the welds in the low 
and intermediate alloys appears to be correlated with 
the results obtained in bend tests. Transformation 
hardening was less pronounced in the ductile as-welded 
low alloys than in the intermediate alloys. This may 
account for the low alloys being ductile as welded, while 
the intermediate alloys had very low ductility as welded 
The intermediate alloys had some ductility after 
heat treatment. This increase in ductility may be 
correlated with the lowering of hardness and the elimi- 
nation of the hardened transformed-beta structures by 
heat treatment. ‘The hardness of the weld metals and 
heat-affected zones in the high alpha-beta alloys was 
decreased by heat treatment, but the welds remained 
brittle. From these observations, it would appear that 
other mechanisms such as freezing segregation, cast 
structure or contamination of the weld metal may have 
also contributed to weld embrittlement, and that such 
factors apparently become more influential as the beta- 
stabilizing alloy content increases. This is shown also 
in the 13° chromium alloy, which was ductile as welded 
but was embrittled by heat treatment even though no 
hardening was observed. 

The same trends were observed in the hardness re- 
sults on both the single-layer ' y-in. welded joints and 
the two-layer '/,-in. welded joints as evidenced in Figs 


4 


(a) Three per cent 


metal, as-welded, » \ 

fine acioular 3 


(b) Same as above 
after alpha-beta 
heat treatment, 
alpha plates 
coarsened by heat 
treatment. VIN 
291. x2 


Fig. 23) Weld-metal structures in '/;-in. low alloys 
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18 and 19. However, in many of the single-laver welds 
in the low and intermediate alloys, the as-welded hard- 
ness of the weld metals and heat-affected zones was 
higher than the hardness of these zones in the two-layer 
welds. This difference in hardness was most marked 
in welded joints which showed greatest transformation 
hardening. In the case of the higher alpha-beta and 
metastable-beta alloys, the hardness of these zones 
tended to be higher in the two-layer welds than in the 
single-layer welds. The hardness differences observed 
between the as-welded single-layer welds and two- 
layer welds may be caused by the differences in cooling 
rates in the two plate thicknesses and the effects of the 
two welding passes made in the two-layer ' y-in. welded 
jomits. 

Generally, only a slight difference in hardness was 
observed between the first layer and the second layer ot 
weld metal deposited in the 4/q-in. as-welded joints. 
However, in some of the welds in the intermediate and 
high alpha-beta alloys, a marked difference was found 
between the hardness of the two layers. In these cases, 
the hardness spread in the weld metal and heat-affected 
zones Was very high also. In the welds in the ! »-in 
iron-alloy plates, the hardness of the first layer deposited 
was generally less than the hardness of the last laver 
deposited. However, the average hardness of the weld 
metal in the '>-in. plates was approximately the same 


as the average hardness found in the !/;-in. welds 


(c) Three per 
molybdenum 
weld metal, as- 
welded, fine 
acicular trans- 


formed-beta 


335. 25 


(d) Same as above 
after alpha-beta 
heat treatment, 
alpha plates 
coarsened by heat 
treatment. 
275. SOO 
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Vicrostructural Examination 


The microstructures of the weld metals and heat- 
affected zones changed considerably as the alloy con- 
tent increased. Generally, in the low alloys, acicular- 
type structures were observed. These structures may 
be made up of martensite plates formed by a shear-type 
reaction or Widmanstitten plates formed by a nuclea- 
tion and growth process, depending on the rate of cool- 
ing from welding. It is difficult to state positively 
which type of transformation resulted in these struc- 
tures. Probably both processes were operative in 
most cases. The microstructures of weld metals are 
shown in Figs. 21 and 22 for some of the low alloys 


Welds 


from which these photomicrographs were made were 


in the as-welded and heat-treated conditions. 


all ductile in the as-welded condition and showed coarse 
acicular-type structures. The alpha-beta heat treat- 
ment did not alter these structures basically, but the 
alpha plates were coarsened by the treatment. 

The structures of the heat-affected zones were very 
similar to those found in the weld metals. The major 
difference was that the primary beta grains were equi- 
axed in the heat-affected zone and columnar in the 
weld metal. In both cases, the grains were very large 
No structural difference was observed hetween these 
zones that would account for the heat-affected-zone 
failures observed m longitudinal bend tests on these 


welds. 


The structures of welds having low bend ductility 
in the as-welded condition and improved ductility in 
the heat-treated condition are shown in Figs. 23 and 
24. The acicular-type structures of the weld metals of 
the 3°, low-chromium and 3°; low-molybdenum alloys 
were finer than those observed m the ductile as-welded 
low alloys. The alpha-beta heat treatment coarsened 
the alpha plates and improved the ductility of these 
alloys considerably. The structures found in the 5°% 
intermediate iron and the 6°; intermediate chromium 
alloys consisted of very fine precipitates of alpha in a 
beta matrix, 
of the 


treatment resulted in the precipitation of more Wid- 


This type of structure was found in most 
intermediate alloys. The alpha-beta heat 
manstitten alpha and slightly improved the bend due- 
tility of the welds in these alloys 

The type of structure found in the high-alpha-beta 
alloys is shown in Fig. 25. The structures shown are 
for the 10°% manganese and 9°; molybdenum alloys. 
The structures of the as-welded alloys are primarily 
retained beta with a network precipitate appearing in 
them. 
other investigations,? and is believed to be caused by 


This network precipitate has been found in 


the presence of oxygen and nitrogen in the alloys. The 
alpha-beta heat treatment produced a fine alpha pre- 
cipitate in these alloys, but the bend ductility was not 
improved measurably. 


The microstructures of the as-welded and heat- 


(a) Five per cent FA (ce) Six per cent 
iron weld metal, # ° et um = weld 
as-welded, very é metal, 
fine Widman- very fine id- 
statten alpha pre- \ manstatten alpha 
cipitate in beta \ precipitate in 
matrix. VHN 388. : beta matrix. VHN 
< 250 x 52. * 250 
we. x 250 ¢: 
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Weld-metal structures in '/y-in. intermediate alloys. 
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(a) Ten per cent 
manganese weld 
metal, as-welded 
retained beta 
with network pre- 
cipitate. VHN 


(b) Same as above 
after alpha-beta 
heat treatment, 
alpha precipi- 
tated in beta ma- 
trix by heat treat- 
ment. VEEN 353. 
x 20 


(a) Thirteen per 
cent chromium 
weld metal, 
welded, retained 
beta with alpha 
i VHN 


(b) Same as above 
after beta-quench 
heat treatment, 
retained beta 
with alpha pre- 
cipitate, showing 
freering seagrega- 
tion. VHN 4. 
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(c) Nine per cent 
molybdenum 
weld metal, as- 
welded, retained 
beta with net- 
work precipitate. 
VHN 427. x 250 


(d) Same as above 
after alpha-beta 
heat treatment, 
alpha precipi- 
tated in beta ma- 
trix by heat treat- 
ment. VHIN 328. 


x OO 


(ce) Fifteen” per 
cent moly bde- 
num weld metal, 
as-welded, cored 
retained beta 
structure. VHIN 
342. 100 


(d) Same as above 
after beta-quench 
heat treatment, 
retained beta 
with alpha pre- 
cipitate showing 
excessive freezing 
segregation. VHN 
313. = 100 


WELDING RESEARCH SUPPLEMENT 


Lud 
> 
Fig. 26 Weld-metal structures in '/;-in. metastable-beta alloys. 


treated weld metals in the metastable-beta 13°% chro- 
mium and 15° molybdenum '/s-in. alloys are shown in 
Fig. 26. The as-welded structure in the 13°, chrom- 
ium alloy appears to be retained beta with some alpha 
phase present in the grains. The weld was ductile in 
this condition. The beta-quench heat-treated speci- 
men of this alloy was brittle. The dark patches ob- 
served in the heat-treated structure appear to be caused 
by alpha precipitation in the alloy lean areas of the weld 
metals. The dendritic pattern observed indicates that 
this alloy deficiency in some areas was caused by a freez- 
ing mechanism. The microstructure shown for the 
15°) molybdenum welds shows considerable coring and 
freezing segregation in both the as-welded and _ beta- 
quenched heat-treated conditions. 


SUVIMARY 


The important findings from this investigation are as 


follows: 


1. The bend ductility of welds in the alpha-beta 
allovs decreased rapidly with inereasing alloy content, 
becoming very low when the alloy content approached 
3 to 6%, 

2. Postweld heat treatments designed to minimize 
transformation hardening and to stabilize the alloys 
may generally be used to Improve the bend ductility 
of welds in alloys having up to 6°% alloy content 

3. Weld embrittlement in alloys containing up to 
6°; alloy content appeared to be correlated with trans- 
formation hardening. 

1. Welds with very good bend ductility in the as- 
welded condition were made in the 13°), metastable-beta 
chromium alloy, but the welds were embrittled by heat 
treatment. 

5. Welds in the other high-alpha-beta and meta 
stable-beta alloys had very low ductility in both the as- 
welded and heat-treated conditions. Since the hard- 
ness of the weld metals and heat-alfected zones ap- 
proached that of the base metals after heat treatment, 
it appeared that factors such as freezing segregation, 
cast structure or contamination may have contributed 
also to weld embrittlement 

6. The room-temperature notch toughness of the 


base metals and ductile weld metals was relatively good 
for the low and intermediate alloys in all but the iron 
series of alloys. The notch toughness of the base 
metals and ductile weld metals was relatively good at 
-40° F for the low alloys and some of the intermediate 
alloys 

7. Transformation hardening was observed in the 
weld metals and heat-affected zones of the welded jomts 
in most of the alloys. It is caused by the structural 
changes which occur when these zones are heated mto 
the beta field and rapidly cooled during the welding 
operation Transformation hardening imereased with 
increasing alloy content in the low and intermediate 
alloys, reached a maximum in either the intermediate 
or high-alpha-beta alloys, and with the exception of the 
iron alloy, decreased considerably for the metastable- 
beta alloys. In the case of the 15°) manganese and 
13°% chromium alloys, transformation hardening be- 


came practically negligibie 
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Ships 


dation of Structural Failures of Welde 


§ Samples of fractured plates from 100 ships were examined, and 
various laboratory examinations and tests were made on 130 plates se- 


by Morgan L. Williams and 
George A. Ellinger* 


Abstract 


Structural failures of welded ships are 
analyzed on the basis of laboratory tests 
of the fractured plates, examinations of 
the fractures and information regarding 
the nature and circumstances of the fail- 
ures. The fractures originated invariably 
at notches resulting from design details, 
welding defects or accidental damage, and 
usually occurred at low temperatures, 

Charpy V-notch tests show that plates 
in which fractures originated were more 
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Fig. 1 
Several le were removed from the forward section of this vessel before it capsized. The after-section was salvaged and is in use as a power 
plant. Nas Ship No. 4, Type T2-SE-Al. (U.S. Navy Photo.) 
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lected from these samples. 


Part I. 


notch sensitive than plates that did not 
contain a fracture source. The evidence 
indicates that the failures resulted from 
the combined effects of stress concentra- 
tion at notches and steels that were notch 
sensitive at the operating temperature 

Relations between the notch sensitivity 
and the chemical compositions of the 
plates show that carbon and phosphorus 
increase the notch sensitivity, and that 
notch sensitivity is decreased by incresas- 
ing amounts of manganese and silicon, or 
by finer grain size. 


INTRODUCTION 
Nature and History of the Problem 


were-bult 5000 


merchant 


ships were. built during World War 
IT, and more than one-fifth of them 
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Test results are analyzed and reported 


a 


Examination of Samples and Analyses of the Failures 


had developed cracks in varying degrees 
before April 1946, when most of these ships 
were less than three years old.' Some 
of these failures resulted in the loss of lives 
and of ships. From November 1942 to 
December 1952, more than 200 ships have 
sustained fractures that were classified 
as serious.2~* This number does not 
include casualties resulting from war 
damage or from external causes such as 
grounding or collision, At least 10 
tankers and 3 Liberty type cargo vessels 
have broken completely in two as « result 
of the propagation of fractures that 
originated at some point in the hull 
structure or its appendages (Fig. | 

About 25 other vessels have suffered com 


- 


ifter-section of a tanker that broke in two at sea, while loaded 
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plete fractures of the strength deck or the 
bottom, 

Although fractures have also occurred in 
riveted ships and structures,’ these frac- 
tures usually ended at discontinuities 
introduced by the riveted joints, and did 
not propagate into adjoimimng plates \ 
welded structure, however, is continuous 
ind a crack may propagate wross the 
welds from one plate to the next, resulting 
in a complete structural failure. There- 
fore, the problem of fracture origin and 

° propagation has received much attention 


in the past few years, because of the great 
increase in the use of welding in the 
fabrication of ships and other large struc 
tures, 

In April 1943, the Secretary of the Navy 
established a Board to Investigate the 
Design and Methods of Construction of 
Welded Steel Merchant Vessels The 
Division of the National 


sureau of Standards had already assisted 


Metallurgy 


in the investigations of some of the earlier 
failures, and was requested to continue the 
investigation of the plates removed from 
the fractured ships. Properly identified 
samples of the fractured plates were 
obtained through the cooperation of the 
U.S. Coast Guard*® and other interested 


iwgencies 


Scope of the Investigation 


Samples from 100 ships in which frac 
tures occurred were received and examined 
prior to Dec. 1, 1952.* In many in 
stances, the sample from one ship in- 
cluded parts of several plates. To co- 
ordinate the results of the laboratory in- 
vestigations with service experience, 1n- 
formation was obtained from the Coast 
Guard and other cooperating agencies re- 
garding the circumstances of the casual- 
ties, structural features of the ships in- 
volved, location and extent of the fractures 
and other pertinent details. t 

The preliminary studies included (1 
determination of the location of the sample 
pieces with respect to the fracture and to 


the structure of the ship, (2) visual ex- 
amination of the fractures and of welds 
3) determination of the starting point of 
the fracture from this examination or from 
available reports of the casualty and (4 
evaluation of factors which may have 
contributed to the origin and propagation 
of the fractures. 

When sufficient and suitable material 
was available, one or more plate s Irom 
each of the ships were selected for more 


thorough laboratory investigation llow 
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ever, in some instances suit ible test speci 
mens could not be obtained hecause the 
ractures occurred entirely in a weld, the 
plates were too thin for standard C} irp 
notched-bar specimens, or the samples 
vere warped ot battered as a result of the 
isualty, or contained welds or flame cuts 
© located that the properties ol the steel 
might he affeeted The laboratory in 
vestigation of the plates included detailed 
examinations of the fractures and the 
welds, chemical analvses of the plates ” 
Ch ary V-notch impact tests over a range 
of temperatures, tension tests 
Measurements of the reduction of thiek- 
ness at the fracture edge were made on 
olates which were not too badly corroded 
or battered microscope examinations 
were made on all plates in which fractures 
originated and on a number of othe r plates 
ind gas analyses by the vacuum fusion 
method were completed on about half of 


the plate 


DEFINITIONS 
As certain terms and the wav in which 
they are used throughout this report may 
not be familiar to all readers. they are 
defined or described as follows 


Failure Temperature. The tempers 


ture, in degrees Fahrenheit, of the air or 
water at the time of the easualty under 
consideration The water temperature 
\ is used for plates below or near the 
vaterline, and the air temperature (A 
for plates definitely above the waterline. + 
The failure temperature for a ship is the 
temperature at the location of the fracture 
source 

Classification of Plates with Regard to 
Fracture Category. On the basis of the 
information derived from the examinations 
of the samples and from the reports of the 
casualties, the plates were classified in 
three categories, as follows: 

1 Source (S Plates that contained 
the starting point of a fraeture which 
occurred in service. (This eategory in 
f ludes some plates that { ontained both the 
starting point and the end or ends of a 
short fracture, and a few plates in which 
secondary fractures originated and propa 
gated to meet the main fracture \ 
number of the fractures originated near 
welds, usually at locations that involved 
i structural or geometrical notch as well 
is the metallurgical effects on the plate 
metal resulting from the welding opers 
tion However, if the fracture originated 
na weld due to insufficient weld metal 
poor tusion, or slag inclusions, the adjoin- 
ing plates were not included thi 


itegory 


* The ras f th 
iw ate 024 ‘ 
o4 O08 } 
0.0 0.04 
f hee er \ th 
it ‘ it 
The ‘ } 
prox atior f ‘ r t 
erature of tl ' of fracture 
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tor longitudinal 


Througl / Fractured plates 


that contained neither a fracture source 


nor all ture end 
End (1 Pilates that contained 
the end of a fracture and did not contain 
ture ures This category includes 


three plates whuch showed definite evi- 
dence that the fracture had stopped in the 
plate ithough they were broken com- 
pletely as a result of inereased stress or 
secondary fractures propagated from other 
Plates 


plates as the vessel broke in two 
n which the fracture ended at a rivet hole 
or at an edge of the plate (as at a crack 
irrestor slot) are not included in this 
category these ire considered as ‘‘trac- 


eR 


ture through’’ pla 
Notch. A notch! may be defined as any 
discontinuity As used in this report, a 
notch means a structural discontinuity, 
such as is occasioned by hatch openings, 
sheer strake cutouts, foundations, vent 
openings, bilge keels, the abrupt termina- 
tions of structural members, etc., and im- 
perfections in the structure resulting from 
fabrication, sucl per ned-over cracks, 
undereut welds, porosity and inclusions in 
welds, and incomplete penetration which 
leaves voids at the center of the jomt, 
Notch Sensitivity or Notch Brittleness 
the Opposite of Notch Toughness). Sus- 
ceptibility of a material to brittleness in 
Notch sengi- 


i reduction of 


ireu contaming notch 
tivil is characterized by 
nominal strength under impact o1 static 
lowding, the presence ol a stress concen- 
tration 


Notched Bar Test 


tandard Charpy V-notch specimen was 


Specimens. ‘The 


used for the notch-sensitivity tests. This 
specimen is Type A in Fig. 3 of Tentative 
Standard E23 47T, ASTM 
1952, Part 1, page 1451. Unless other- 
wise specified, the data refer to specimens 


Standards, 


cut so that the length of the specimen is 
parallel to the direction of rolling of the 
plate (longitudinal) and notched on a side 
perpendicular to the original plate surface. 

Plate. For the purposes of this report, 

plats refers to each separate piece of 
Although 
vere in the form gener- 


steel] fabricated into a ship 
most of the piece 
illy defined as plate, the term in this report 
includes also tubular or curved members 
formed irom plate and a few rolled struc- 
tural shapes such as channels, bars, bulb 
angles and half round 

Thickness Reduction at Fracture. ‘Th: 
difference between th 


measured as near 


iverage thickness 
possible to the frac- 
tured edge and the average plate thickness 


in inch or more away from the fracture, 


xpressed a i percentage ol the plate 


Thich 
The Transition Temperature, or 15 


Ft-Lb Transition for a Given Plate. Th: 


temperature legree Fahrenheit at 
Vhich the nhotehed-bar test curve crosses 
the level of 15 ft-lb energy absorption 


Che notehed-bar test curve is plotted as 
nerg ibsorbed temperature of test 


Charp V-notch speci- 
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| 
* A few additional samples were ards 
examination or tests 1 ‘ ‘ it : 
nformation regarding the cireu tar f } 
wualty or the location « lentif 
imples 
+t The steels for hull const tion were 
chased under American Bureau of Shipping Spee 
fications The specificatior eq menta it ‘ 
fect at the time these ships were iilt and the 
current specification requirements,® are given ir , 


mens, notched perpendicular to the plate 
surface 


DESCRIPTIONS OF THE FAILURES 


Types of Vessels and Classification of 
Casualties 


A summary of the types of ships repre- 
sented by the 100 samples examined, and 
of the number and classification of casual- 
ties, ages of ships, and temperatures at 
failure for the various types of vessels is 
given in Table 1. The vessels in which 
failures occurred were of several different 
types, and had been built at a number of 
different yards. Hull fractures are classi- 
fied in accordance with the definitions on 
page 19 of Reference 1, as class 1 (serious), 
class 2 (potentially dangerous) and class 3 
(minor). Table 1 also shows the number 
of vessels of each type which broke com- 
pletely in two or suffered complete frac- 
tures of the strength deck or the bottom 
(both included in class 1 failures). The 
hull structure was not involved in four of 
the casualties: A rudder tube and a crack- 
arrestor strap on Liberty Ships, Type 
EC2-S-Cl, and two mast failures in 
Victory Ships, Type VC2-S-AP2. 

Five of the casualties probably resulted 


from damage by ice or floating objects 

three from minor collisions with a tug 
while docking, two from possible ground- 
ing and one from an underwater explosion. 
under 
normal operating conditions, or in a few 


The other casualties occurred 


cases, during building, alterations or dry- 
docking. Three of the ships were of 
riveted construction: two Coast Guard 
Cutters in which plates were cracked while 
navigating in ice, and a $l-yr-old collier 
that broke in two during a severe storm.® 
The original hull of another ship was 
riveted, but the fractures occurred in the 
welded superstructure during conversion. 

Two ships, both T2 tankers, which had 
suffered separate casualties at different 
times, and at different locations in the 
vessels, were counted twice in this inves- 
tigation. In a few other instances, a 
sample included material from separate 
casualties of the same ship. These were 
considered as a single casualty, and were 
given the same NBS ship number.* The 
records indicate that several of the vessels 
included in this investigation have suffered 


* The “NBS ship number’ assigned to each 
vessel does not correspond to the ship numbers 
used in some of the references,'~* and is signifi 
eant only for identification of the samples re 
ceived and plates tested at this laboratory 


previous or subsequent casualties, but 
samples representing these failures were 


not obtained. 
considered in this report except as they 
might influence the failure under inves- 
tigation, for example, a failure of, or result- 


Previous failures are not 


ing from, 4 previous repair. 
The age of the welded ships at the time 
of the casualties ranged from one minute 


(after launching) to more than 10 years 
A few of the cracks occurred during con- 
struction, before or after the ship was 


launched. 


Most 


of these vessels were 


built during the period of World War II, 
and the majority were less than three 
years old when the failures occurred. The 
average age of the Liberty Ships (Type 
EC2-S-C1) was somewhat less than for 
most of the other types, probably because 
of the large number of early failures result- 
ing from structural features that have since 


been 


modified. 


The relatively few 


riveted ships were 10 to 31 years old. 

The temperatures at failure are the air 
or water temperatures that were reported 
at the time the failures oceurred. Tem- 
peratures reported at the time a fracture 
was found were disregarded unless there 
was some reasonably definite evidence that 
the fracture actually occurred at the time 
and not previously, 


Table 1—Summary of Ship Types, Classification of Casualties, Ages of Ships, and Temperatures at Which Failures Occurred 


Total Number and Classification of Casualties Ages of Ships °Temperatures at Failure 

fv Number 
oye eek of Ships | “Broke “Deck or | Class | Glass| Class| Other | Months Afloat | Average Range No. of 
Examined | in Two Bottom 1 2 3 (Note b} Average Range °F be Ships ® 


A. Liberty Cargo Ships 
BC2-8-Cl 


23 


99 


4o® 23%=58* (18) 


B. Tankers 


T2=SE-Al & A2 27 1 19 7 1 53 2-964 46° = (21) 
n1-B- TL 1 - 1 - - 41 (1 only) 35° - (1) 
Tanker, Not MC Type 1 - 58 9-122] ( 3) 
Total Tankers 33 2 25 7 1 Su 2-122+] 30°=-67° (25) 
C. Miscellaneous Types 
C2=S-El and Mod C2 9 1 5 4 - 63 21-100 43* 27%60° ( 6) 
C3}=S=A2 5 1 3 2 - 62-17-10 52° ( 3) 
5 - 3 2 - 31 (_:3) 
VC2=S=AP2 5 - 2 1 - 57 7-95 35° ( 
uscoc 3 - 2 1 128 55-207 32° 32° ( 3) 
Rivetted Collier 1 (1 only) (1) 
All Other Types 9 1 3 3 3 73 0-300 17° 0°-60° ( 5) 
Total Misc. Types 37 3 17 lk 74 0-377 35° (25) 


Total All Types 


55 29 12 


0-377 


40.5° 0*%=67° (68) 


Number of vessels which broke completely in two or suffered c 
members, included in Class 1 (serious) casualties. 


b. Includes one rudder tube and one crack arrestor strap (EC2-S-Cl), and 2 mast failures (VC2=S-AP2). 
ce. Air or water temperature, depending on location of fracture source above or below waterline. 
* Temperature at time failure occurred is not known for some cases, as for example when fracture 


was found in drydock or after discharge of cargo. 
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omplete failures of deck or bottom strength 
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Most of the casualties occurred at low 
temperatures. The highest temperature 
at which a fracture is definitely known to 
have started is 67° F, and the lowest, 0° 
F. The majority of the fractures started 
at air or water temperatures between 30 
and 45° F, and the few which occurred at 
higher temperatures generally did not 
propagate extensively. No relation has 
been found between the ages of the ships 
ind the failure temperatures, even when 
ships of the same type were considered 
There appears to be no significant differ- 
ence of failure temperatures for ships of 
different types. 


Origin and Propagation of the 
Fractures 


A ship afloat may be considered as a 
hollow beam or box girder subjected to 
complex and variable forces, which are 
further complicated by stress concentra- 
tions resulting from the numerous struc- 
tural discontinuities that are necessary to 
the function, operation or construction ol 
the vessel. At sea, the structure may act 
as a bridge between two wave crests, or as 
a seesaw balanced on the crest of a single 
wave. Thus the stresses, especially in the 
deck and the bottom, may vary in a short 
time from maximum compression to mMaXxi- 
mum tension. These dynamic stresses are 
added (algebraically) to the more or less 
static stresses such as those resulting from 
the distribution of the weight of the vessel 
itself and its cargo, from unequal thermal 
expansion due to temperature differences, 
and probably also from residual stresses 
caused by fabricating operations or acci- 
dental 
doubtedly occurred under conditions such 


damage. The fractures un- 
that additive tensile stresses, magnified by 
the effects of stress concentration, ex- 
ceeded the fracture strength of the steel, 
telatively little was known, when these 
ships were built, about the magnitude of 
the stresses and stress concentrations 
existing in welded ships under various 
operating conditions. Extensive studies 
in these fields have been conducted during 
the past decade,® and have indicated that 
stress concentration factors of 2 to 3, and 
even as high as 4.6 may occur at structural 
discontinuities. 

The weather and sea conditions at the 
time of the casualties ranged from calm, 
in port, to heavy storms at sea. From 
the circumstances reported in some of the 
cases, it appears that the stresses existing 
at the time of the casualty must have been 
almost entirely static. However, in the 
majority of the failures, dynamic forces 
resulting from wind and wave action, from 
inertia loads caused by the pitching of the 
vessel and from the interaction of elastic 
waves in the steel could have contributed 
large and variable components to the 
stresses existing at the points where the 
fractures originated. 

Stresses resulting from unequal thermal 
expansion in different parts of the ‘hull 
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Fig. 2 


Piece of ship plate fractured in the laboratory 


Fracture source is at intentional are strike (arrows 4), similar to fracture sources in a ship as 
shown in Fig. 12. Arrows B and C indicate are strikes with small deposit of weld metal. Note 
1. 


that the frac 


structure due to large differences between 
the air and the water temperature, solar 
radiation on part of the vessel, refrigerated 
cargo spaces or heating of the cargo oil may 
have been contributing factors in several 
of the failures.'® 

The loading and distribution of the load 
in the vessels was undoubtedly a factor 
contributing to some of the casualties, al- 
though in several ships in which fractures 
occurred the calculated average stress in 
the deck or the bottom was less than 
12,000 psi, or roughly one-third the yield 
point of the steel.! Fractures originated 
in the deck area in six of the tankers in- 
eluded in this report (NBS ship Numbers 
11, 36, 46, 47, 52 and 61 
ships broke completely in two, two of them 


Five of these 


while in port in relatively still water. It 
was noted that in all of those ships the 
cargo tanks were light This resulted in 
a bending moment that caused a tensile 
stress in the deck as illustrated by the 
positions assumed by the two parts ol the 
The re- 


maining 26 Class | and 2 casualties in 


broken tanker shown in Fig. 15 


tankers (including three ships that broke 
in two) occurred when the vessels were 
loaded, and all of these fractures originated 
in the bottom or bilge strakes, with the ex 
ception of one in the forepeak (NBS ship 
No. 74 
of a loaded tanker and of one that is light 


The relative bending moments 


may be visualized by comparing Fig. | 
(loaded) and Fig. 15 (light 

The starting points of more than half of 
the fractures of known origin were in the 
immediate vicinity of structural features 
such as hatch corners, ladder cutouts or 
other openings, or at the abrupt termina 
tion of stiffeners such as a bilge keel, 
longitudinal, double: plate or parts ol the 
superstructure, The origin of the frac 
tures at these points may be attributed 
primarily to the stress concentration re 
sulting from a geometrical or structural 
notch, although in nearly every case the 
metallurgical effects of welding, flame 
cutting or mechanical working were also 
present, and these effects are not sepa- 
rable 

Another third or more of the fractures 
originated in defective welds, some asso- 
ciated with structural notches, and others 
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re source is at the «smallest crater. 


in which the only notch present was that 
resulting from the welding defects. A few 
fractures started near interlocking welds 
such as at points where a pad or doubler 
was welded on top of a seam or butt weld 
or where two weld beads were laid so close 
together that a small mechanical notch was 
In both of 
these conditions, the heat-affeeted zones 


formed between the welds 


of two welds overlapped or joined. The 
origin of these fractures probably resulted 
from the combination of a minor mechan 
ical notch and the metallurgical effects of 
the successive heating and cooling cycles 

Several of the fractures originated at 
ire strikes or craters formed by striking a 
welding arc on the plate outside of the 
weld zone; or near small shallow welds on 
heavy plate. As some of the features of 
the are strikes in the ships were obliterated 
by the effects of corrosion, an example for 
illustration was prepared in the laboratory 
Intentional are strikes and small weld 
beads were made on a piece of ship plate; 
the piece was cooled in contact with dry 
ice (CO 


while supported as a simple beam. The 


and broken with a hammer blow 


piece fractured without measurable bend- 
ing, and the origin of the fracture was at a 
small are strike, as shown by arrows A in 
I ig 2 The ippearance of the “fisheye” 
it the origin of the fracture, immediately 
under the crater, is similar to those ob- 
served in the ship fractures, such as those 
illustrated in Figs. 11, 12 and 17. A com- 
panion piece, tested without are strikes 
or welds, withstood several blows «and 
This experiment 
strike is an 


bent without fracture 
demonstrates that an are 
effective notch, and that failures originat- 
ing at such defects, as observed in the ship 
failures, may be reproauced in the labora 
tory 

Figure 3 shows a longitudinal cross 
section through the are strike and small 
deposit of weld metal indicated by arrow 
B in Fig. 2. The difference of the struc- 
ture of the metal immediately under the 
crater is an indication of the metallurgical 
transformations that have occurred 
Under the conditions imposed by an are 
strike or a small weld, the temperature is 
raised to the melting point in only a small 


portion of the total mass, In other 
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Fig. 3 Cross section through are strike and weld metal deposit shown by arrow 
in Fig. 2 


Note the defects and voids in the weld metal (top), and the difference of structure of the heated 
zone (center) and the unaffected-base metal (bottom). * 75. 


words, this heating effect is highly local- 
ized, thus the relatively large mass of 
surrounding metal serves to conduct the 
heat away very rapidly. This amounts, 
in effect, to a drastic quench, which causes 
changes in the metallurgical structure of 
the base metal in the heated zone, as 
shown in Fig. 3. The resulting structure 
is hard and brittle, and in a state of tensile 
stress caused by restrained thermal con- 
traction and volume changes that accom- 
pany the metallurgical transformations. 
This may lead to the formation of small 
cracks, but even if cracks are not formed 
immediately, the condition constitutes a 
“metallurgical notch’? that may be as 
effective as a mechanical notch in contrib- 
uting to the origin of a fracture. 


Examinations of Fractures and of 
Welds 


Usually the fractured edges of the 
samples were badly rusted, and some 
cleaning was necessary before a detailed 
examination could be made. Loose par- 
ticles of rust were removed with a stiff 
bristle brush, and suitable solvents such 
as acetone or carbon tetrachloride were 
used to remove the oily residues with 
which many of the plates were coated. To 
remove the remaining rust deposits, the 
fracture edges were soaked and scrubbed 
solution of dibasic 


CNEL HC in 
Vigorous serubbing with a 


with a saturated 
ammonium citrate, 
warm water. 
stiff bristle brush (often continued for 
several hours) was necessary to remove all 
traces of rust so that satisfactory photo- 
graphs of the fracture edges could be ob- 
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tained. This solution does not act as 
rapidly as some other rust removers, but 
it does not etch the underlying steel sur- 
face to a serious extent. After cleaning, 
the specimens were rinsed with tap water, 
sprayed generously with alcohol and dried 
immediately in an air blast. 

The fractures were predominantly of a 
brittle type, characterized by a break 
nearly perpendicular to the plate surfaces 
and a very small reduction of thickness 
(usually less than 2 or 3%) at the frac- 
ture edge. Generally the paint or scale 
on the plate surfaces was not cracked, 


even very near to the fracture. This 
shows that the fractures had propagated 
with very little plastic deformation of the 
steel, and that the stress at points a small 
distance from the fracture must have been 
lower than the yield point. It is evident 
therefore that very little 
absorbed in the propagation of these frac- 


energy was 
tures. In the immediate vicinity of the 
fracture, however, the sharp notch at the 
head of the advancing crack caused a 
stress concentration which exceeded the 
fracture strength of the materials. 

The surfaces of these brittle fractures 
were rough and usually bore character- 
istic markings, which have been described 
as chevrons, herringbones, or arrowheads, 
as shown in the fracture of the bulwark 
plate at the right in Fig. 4, and in several 
of the following photographs. This type 
of fracture was observed and reproduced 
at the National Bureau of Standards about 
15 years ago, in tests conducted to deter- 
mine the source of a brittle failure of an 
aircraft part. These tests, which were 
discussed in the first NBS report on the 
examination of steels from a fractured 
ship,'? showed that a brittle failure may be 
produced in a normally ductile metal by 
applying a tensile stress to a notched- 
plate specimen. The tests also estab- 
lished the fact that the chevrons point 
back toward the origin of the fracture.* 
This made it possible to locate the sources 
of the fractures in the ships, as for ex- 
ample, in Fig. 4, in which the chevrons 
point to a faulty butt weld in the bul- 
wark cap rail at the top. 

A small percentage of the fractures 
were of the shear type, having some re- 


* An exception to this rule is noted by Kies, 
et al.,‘4 in that reversed chevrons may be pro- 
duced by side scratches, which promote initia- 
tion of fracture centers near the surfaces rather 
than in the center of the plate 


Fig. 4 Saddle weld in a bulwark cap rail at 

The chevrons (or herringbone markings) in the fracture of the bulwark plate 5 
at the right point toward the source of the fracture in the de ive weld of the ay 


cap rail. 


Ship No. 37, Type C2-S-El. =< 0.7 
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Fracture starting at this and two « 
cap rails ppcente “li to cause a ee failure of the strength deck. NBS 


ilarly def e welds in the 
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duction of thickness near the fracture, and 
usually showing evidence of ductility by 
the cracking of the paint and scale for 
some distance from the fracture. The 
starting points of the fractures were al- 
ways of the brittle type, showing no 
macroscopic evidence of shear, but in 
several instances brittle fractures changed 
to the shear type, and in a few of the plates 
alternating shear and brittle areas were 
observed, The shear type fractures were 
generally found in thin plates and were 
usually associated with the free edge of a 
plate, the presence of rivet holes or 
openings, deformation of the plate or the 
ending of a fracture. Such fractures were 
not found in plates more than 5/, in. thick 
except in one case, a deck plate (NBS 
plate No. 46c, '°/i¢ in. thick) which had a 
shear type fracture intersecting a brittle 
fracture at nearly a right angle 
Measurements of the thickness reduc- 
tion at the fracture edge were made when 
the condition of the sample permitted 
accurate 
Nearly all of the recent samples were so 


reasonably determinations 
badly corroded and pitted that accurate 
measurements could not be made, and 
many of the other samples did not con- 
tain a fracture edge, or the fracture was 
battered, chipped or welded The thick- 
ness reduction at the brittle fractures 
ranged from 0.4 to 4%, the higher values 
generally being associated with plates in 
which fractures ended teductions of 
more than 5% were found at the shear 
fractures Most of the shear fractures 
were of the single shear type, and the re- 
duction in the actual fracture area was un- 
doubtedly greater than the minimum value 
determined by measurements at the base 
Thickness re 


ductions of about 30% were found in two 


of the 45-deg fracture 


small areas of double shear fracture in 
NBS plate 56B (see Fig. 20). 

Many of the fractures classified as 
brittle type showed narrow zones of shear 
or shear lips adjacent. to the plate sur- 
faces, which probably contributed mate- 
rially to the total thickness reductions in 
these cases. For example, on Plate 17C 
the shear lips were at least 0.02 in. wide 
(0.04 in. for both sides of the plate). The 
plate thickness was 0.64 in. and the aver 
age thickness reduction was 0.02 in. or 
3.1% If we assume a thickness reduc 
tion of 25% in the zones of shear fracture 
this would account for 0.01 in. or half of 
the total thickness reduction, and the 
thickness reduction in the brittle part of 
the fracture would then be 0.01 /0.60, o1 
1.7%. 

Some of the plates were not fractured 
f 


complete! through in a few small areas 


giving the appearance of an intermittent 
fracture, and occasionally cracks several 
inches long were found on one side of i 
plate, with no visible indication of a 
erack on the other side. When these 
fractures were broken apart for examina- 
tion, it was found that only a thin skin or 
shell at the plate surface had not been 
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Fig. 5 Strain at the end of a shear fracture shown by cracking of the paint on 
the inboard side of the plate 


A brittle fracture, propagating from above, 
ended in the lower plate (NBS Plate No. 609A) 


adjacent to the brittle fracture was not sufficient to crack the paint. 


fractured, corresponding to the zones of 
shear fracture observed near the surface 
in many of the plates which had fractured 
completely. 

The shear lips and the occasional ab- 
sence of fracture near the plate surfaces 
may be attributed to a combination of two 
factors: greater notch toughness near the 
plate susface, especially in rimmed steels 
and decreased constraint or biaxial stress 
near the plate surfaces 

Figure 5 illustrates the cracking of the 
paint near the end of a shear fracture, 
which prov ides an indication of the strains 
in the vicinity of a erack. In the seam 
weld shown in the photograph, the frac 
ture changed from the brittle to the shear 
type, apparently because of superior 
properties ol the weld metal, and the shear 
fracture halted in the plate below, less 
than in. from the seam weld The 
cracking of the paint indicates that this 
plate NBS plate 60A) was deformed for 
several inches ahead of the end of the 
fracture, and for at least an inch on each 
side of the fracture. Near the brittle 
fracture in the plate above, however, the 
paint was not cracked (except for a small 
area immediately adjacent to the weld, 
and for the random cracking caused by 
crazing of the paint film) indicating that 
the brittle fracture had propagated at a 
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changed to the shear type in the seam weld, and 


below the weld. In the plate above 
0.6 approximately. 


strain less than that required to erack the 
paint 

\ typical end of a brittle fracture in 
ship plate is shown in Fig. 6. The original 
erack had rusted, and appears dark in the 


photograph. The lighter portion at the 
right was broken in tension in the labora- 
tory. Chevrons, pointing to the left, 


could be seen in both the old and the new 


Fig. 6 Typical end of a fracture 


The lighter portion at the right was broken 
in tension in the laboratory. The original 
crack had progressed farther at the center of 
the plate than at the plate surfaces. ~ 1. 
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portions of the fracture. The original 
fracture had progressed somewhat farther 
at the center of the plate than at points 
nearer to the plate surfaces, resulting in a 
semicircular or ova) shape of the fracture 
end. Similar oval shapes, of varying 
symmetry and convexity, were observed 
at every fracture end which was examined 
and in every case the fracture was less 
advanced at points near the plate surfaces. 
The chevrons were approximately per- 
pendicular to the oval shapes of the frac- 
ture ends, suggesting that the chevrons 
were probably the traces of irregularities 
in the advancing fracture front. Kies, 
Sullivan and Irwin'® have shown that 
chevron markings may be produced in 
plastics, and that they may be attributed 
to level differences of fracture centers 
which are initiated in the vicinity of the 
leading edge of the main crack. 

It. was also noted that the apex angles of 
the chevrons were not the same in different 
plates, or even in different parts of the 
same plate, but the cause of these varia- 
tions is not definitely known at present. 
The experiments cited in the previous 
footnote and in Reference 13 suggest that 
this phenomenon may be related to differ- 
ences in the degree of biaxiality in the 
plate, which would change the concentra- 
tion of fracture initiation centers. How- 
ever, it might also be related to the speed 
of propagation of the fracture, the stress 
level at various locations along the path 
of the fracture, the notch sensitivity of 
the steel or nonhomogeneity of notch 
sensitivity in the thickness direction. 

Semicircular or oval markings, similar 
to the shape of the end of a fracture, were 
observed in several of the fractured plates. 
Often these marks were accompanied by 
a difference in the degree of corrosion of 
the fracture edges, a change in the direc- 
tion of the fracture or a slight indication 
of shear type fracture, indicating that the 
erack had stopped temporarily at that 
point and had progressed further at a later 
time or under different stress conditions, 

The fractures in welds* occurred in 
regions where the strength of the weld was 
reduced by subsurface defeets which intro- 
duced internal notches or which seriously 
decreased the effective cross-sectional area 
of the weld, as shown in the butt weld of 
the bulwark cap rail at the top of Fig. 4. 
Usually these defects were not visible on 
the surface, and would not be detectable 
by ordinary surface inspection methods. 
In all of the fractured welds that were 
examined, very evident welding defects 
were found, such as slag inclusions or 
porosity, poor fusion, or insufficient weld 
metal due to inadequate joint preparation 
or lack of penetration. When the frac- 
ture encountered a sound area of the weld, 
it turned into one of the adjoining plates 
or, in a few instances stopped. Usually it 
was not possible to determine the exact 


* Fractures parallel to a weld, as distinguished 
from fractures which propagated across) or 
through a weld from one plate to the next 
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starting point or the direction of propaga 
tion of a fracture in a weld, as these frac- 
tures did not show the herringbone mark- 
ings or chevrons characteristic of the 
brittle fractures in plates. 


Summary and Evaluation of 
Observations 


The lack of ductility and the brittle 
nature of the majority of the fractures in- 
dicated that 
corporated in the structure of the ship, 
the mechanism of fracture, or the mechan- 
ical behavior of the steel, was not the same 


when the steel was in- 


as when determined by the usual tensile 
test, using relatively small specimens. 
This phenomenon is similar to that ob- 
served in tests of notched specimens in 
tension or bending, particularly at low 
temperatures. The similarity is also evi- 
dent in the facts that the fractures in the 
ships occurred more frequently at the 
lower operating temperatures, and that 
the starting points of the fractures could 
be traced, invariably, to geometrical or 
metallurgical notches resulting from strue- 
tural or design details, fabrication proe- 
esses or defective welds. This phenom- 
enon, called notch sensitivity or notch 
brittleness, is not peculiar to ship plate 
alone, and is not confined to metals. The 
scoring of glass for cutting and the noteh- 
ing of cellophane wrappers are familiar 
examples in which notch sensitivity is 
utilized to control the location or direction 
of a tear or fracture. 

The most serious aspect of notch sen- 
sitivity, however, is not the fact that frae- 
tures may start at structural notches, 
but that in a notch-sensitive steel a crack, 
once started, will continue to propagate at 
Realization of 
this facet, together with the observation 
that in riveted ships the fractures usually 


a very low energy level. 


stopped at a riveted joint, led to the in- 
stallation (in vessels already built and in 
new construction) of riveted straps cover- 
ing a longitudinal slot in the deck, the 
bottom plating or the sheer strake, as a 
preventive measure to limit the propaga- 
tion of fractures. The effectiveness of 
these crack arrestors'~* shows quite con- 
clusively that the propagation of the 
fractures was not a direct result of the 
loss of the strength and support of the 
structural members initially fractured, 
but was due primarily to notch sensitivity. 
Propagation of fractures was halted by 
the crack arrestors in nearly every casualty 
of vessels so equipped, and in the few re- 
maining cases it was reported that the 
crack arrestors delayed the propagation of 
the fractures. Thus, even in vessels where 
almost the entire deck or bottom was 
fractured, the remaining structure was 
able to absorb enough energy to prevent 
the immediate start of a new fracture on 
the other side of the crack arrestor. 
However, in the presence of the severe 
stress concentration caused by the initial 
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crack, the fractures could propagate at 
relatively low over-all stress and energy 
levels until the continuity of the metal was 
broken by the crack arrestor slot. 

As stated previously, the more serious 
casualties in welded ships resulted from 
the propagation of fractures through or 
across the welds into adjoining plates. 
However, in a number of cases far out of 
proportion to the relative areas of welds 
and plate metal, the fractures stopped at 
or near welds which were perpendicular, 
or nearly perpendicular, to the path of the 
In several of the ships, it was 
noted that fractures appeared to avoid 


fracture. 


the areas of welds and heat-affected zones 
but propagated 3 to 6 in. from a butt 
weld and generally parallel to it. Some 
of these fractures turned and crossed the 
weld at a rather sharp angle then turned 
again and propagated in the adjacent 
plate parallel to the weld. No instance 
ean be recalled in which a fracture propa- 
gated for any distance in the heat-affected 
zone adjacent to a weld, or continued to 
propagate in a sound weld after turning 
from a plate into a weld. This indicates 
that sound weld metal and the metal in 
the heat-affected zones adjacent to a weld 
are not abnormally sensitive to fracture in 
a direction parallel to the weld. 

Fractures of the shear type were rela- 
tively more numerous in appendages such 
as longitudinals, free bulwark plates or 
corrugated bulkheads than in the shell 
plates. This (together with the associa- 
tion of shear fractures with thin plate, 
deformation or buckling, the free edge of 
a plate or the presence of openings) 
suggests that shear fractures are more 
likely to occur in members which are free 
to deform laterally, and that the brittle 
fractures are associated with lateral re- 
straint, 
evidence that the brittle, low-energy frac- 


This constitutes further indirect 


tures are associated with notch sensitivity 

since lateral restraint, and restraint in the 
thickness direction of thicker plates, may 
impose conditions of biaxial and triaxial 
stress similar to those which occur at the 
root of a notch. 

However, the failures occurred in vessels 
of several different types, and at various 
locations in these vessels, while there 
were no fractures in the majority of othe: 
ships of the same design and construction 
It may be that some ships fractured while 
others did not because the lack of notch 
toughness of the steel was a borderline 
deficiency, as, over a period of years, the 
operating conditions would presumably 
impose similar combinations of tempera- 
ture and stress concentration at corre- 
sponding locations in all ships of each 
type. This supposition is supported by 
the results of the laboratory tests, dis- 
cussed in Part 2 of this report. 


Examples of Typical Failures 
It is unfortunate that ship construction 
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Fig. 7 


Fractures originating at both the port and the starboard hatch corners in this ship resulted in 
wo sister ships had almost identice 
starboard side. (U.S. Coast Guard Photograph.) 


a complete failure of the strength de 


requires large amounts of welding at points 
of geometrical discontinuity, as in many 
cases the welding was blamed for a failure 
that was primarily a result of stress con- 
centration at a notch created by structural 
design. Although some fractures origi 
nated in defective welds, many started at 
structural notches in which welding was 
not the primary contributing factor 
Typical examples of fracture sources, some 
that resulted from welding operations and 
others in which welds were not directly 
involved, are shown in Figs. 7 to 19, in 
clusive. 

\ fracture originating at a hateh cornet 
is illustrated in Fig. 7. On this ship 
similar fractures originated in the 1'/,-in 
deck insert plates at beth the port and 
starboard after corners of No. 3 hatch 
fuilure of the 


resulting in a complete 


strength deck The port Iracture ex 
tended across the deck and into the side 
plating, and the starboard fracture ended 
near the edge of the deck, at a bollard that 
hatch 


beams and coaming, and the deck between 


acted as a reinforcement. The 


the hatch openings, did not fracture except 
for a few inches near the hatch corners 
In two sister ships, NBS ship numbers 
70 and 79, almost identical fractures 
occurred on the starboard side, but in 
these vessels the port side did not fras 
ture, although small cracks were found 
at the port hatch corners 

Figure 8 shows a small crack that 
started at a sharp corner in a ladder 
opening of a Liberty ship. Similar cracks 
were found in both the port and the star- 
board ladder openings of this vessel, and 


although they had progressed only about 


OcTOBER 19538 


Fracture originating at a hatch corner of a cargo vessel, NBS Ship No. 32, 
Type C3-S-A2 


might have led to more serious failures. 
The openings had been made by hand 
torch cutting, and subsequently dressed 
by grinding. However, several deep 
notches still remained on the edge. The 
fracture, indicated by the arrow, was 
located at a sharp change in section, which 
was further aggravated by rough notches 
resulting from the flame-cutting opera- 
tion, and probably also by the metallur- 
gical effects resulting from the heating and 
cooling. 

A faulty butt weld in a hatch side facing 
Again (as 
in the weld shown in Fig. 4), the weld 
metal did not penetrate to the full thick 


ness of the joint the original flame 


channel is shown in Fig. 9 


cut edge may be seen in the center of the 
photograph. The upper side of the weld 
had eracked at some previous time, 
probably during or shortly after the weld- 


ing. When the part was painted the 


crack was covered over, and some paint 
penetrated the crack, as shown by the 


After 
this vessel was launched, but before it 


light areas near the top of the weld 
was completed, there was a sudden com- 
plete failure of the strength deck, starting 


at this joint and at a similar faulty weld 


al failures on the 
on the opposite side Phis costly failure 


might have been averted if, by better 


supervision and inspection, the initial 
1 in. when discovered, they did form crack in one side of the weld had been 


severe notches at ¢ ritical locations whi h found and repaire d before painting 


Fig. 8 Short crack originating at sharp corner in flame-cut edge of ladder open- 
ing in sheer strake. NBS Ship No. 9, Type EC2-S-C1l. <1 
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Fracture source (arrow) at change of section at end of slotted freeing 


NBS Ship No. 21, Type Z-ETI-S-C3. (U.S. Navy Photograph) 


Source of fracture shown in Fig. 10, viewed from inbeard and above. 
Arrow shows are crater and globule of weld metal on flame-cut edge of sheer 
strake plate, adjacent to toe of fillet weld 
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Fig. 9 Faulty butt weld, showing 
poor weld penetration, in hatch side 
facing channel, NBS Ship No. 2, Type 
16-S-BI 
Dark areas at center are original flame-cut 
edge of plate. Paint penetration in upper 
part of weld (light areas) indicates weld was 
rtly cracked fore painting. Subsequent 
ailure of weld led to complete fracture of 
strength deck. x 1. 


Figures 10 and 11 illustrate another 
fracture starting at a scupper or cutout 
above the sheer strake. The source of 
this fracture (Fig. 11) was at a sharp 
change in section at the toe of a fillet weld 
between the sheer strake (below) and the 
end of a small triangular insert plate 
(above). A small crater and globule of 
weld metal (arrow), probably formed by 
momentary touching of the welding elec- 
trode to the plate, was adjacent to the 
crack. The heat-affected zone under this 
globule was quite shallow and was about 
the maximum hardness for this type of 
steel (Knoop No. 400), indicating very 
rapid cooling. The edge of the sheer 
strake plate at this point had been pre- 
pared by machine gas cutting. The 
energy absorption of a notched-bar test 
specimen taken from a point very close to 
this edge was only 60% of the average 
energy absorption at the same tempera- 
ture (70° F) of similar specimens from the 
interior of the plate. This indicates that 
the notch sensitivity of the steel, which 
was already high, had been increased in 
the region of the flame-cut edge by the 
heating and cooling during the cutting 
operation. The origin of this fracture 
was attributed to a combination of factors: 
(1) a notch-sensitive steel, with the notch 
sensitivity at the edge of the plate further 
aggravated by heating incident to the 
flame cutting; (2) low temperature (45 
F), which also increased the notch sen- 
sitivity; (3) stress concentration at a 
geometrical notch or sharp change in 
structural section; (4) a metallurgical 
netch near the geometrical notch; and 
(5) rough seas and a strong wind causing 
unusual stresses in the structure of the 
ship. 

In Fig. 12, the chevrons indicate that 
there are two fracture sources in the plate 
near a lap seam weld. These fractures 
occurred in the shell plating of a Coast 
Guard Cutter while navigating through 
an ice pack. Both sources are at small 
craters where apparently the welder had 
struck his are on the plate, away from the 
area of the weld, and with practically no 
deposit of weld metal. The origins of 
these fractures may be attributed to the 
combination of a metallurgical notch, the 
small mechanical notch formed by the are 
crater, stress concentration resulting from 
the overlap of the plates, the metallurgical! 
effects of the nearby weld and low temper- 
ature, 
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Fig. 12 


Shell plating of Coast Guard Cutter (NBS Ship No. 14) damaged by ice. Chevrons on fractured edge indicate two 


fracture sources (arrows) at are strikes on plate, near lap seam weld. 0.75 
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Fig. 13 


Source of fracture (arrow A) in shell plating of a tanker that broke in two at sea 


NBS Ship No. 8, Type T2-SE-Al. Fracture source is about 2 in. from transverse bulkhead, exactly at the end of an interrupted longitudinal 
stiffener. Arrow B indicates the interrupted longitudinal on the other side of the bulkhead. 


A fracture in the shell plating of a tanker 
that broke in two at sea is shown in Fig 
13. The chevrons on the fractured edge 
clearly indicate the source of the fracture 
in the shell plate, at the point marked by 
arrow A, This point, about 2 '/, in. from 
a transverse bulkhead was exactly at an 
The end 
of the corresponding longitudinal on the 


end of a longitudinal stiffener 


other side of the bulkhead is indicated 
by arrow B in the photograph The 
longitudinals here were interrupted for a 
space of about 6 in. to allow for insertion 
of the transverse bulkhead, and were con 
nected to this bulkhead, at a point seve ral 
inches from the shell plating, by gusset 
plates on the flanges of the longitudinals 
as shown (in another ship) in Fig. 14 
The longitudinals were rigidly connected 
to the shell plating by fillet welds all 
around. The ends of these longitudinals 
were not rounded or tapered, but were 
cut square and perpendicular to the shell 
plating. This condition constituted a 
structural notch at the abrupt end of 
Probably the 


majority of failures in tankers origi- 


the longitudinal stiffene: 
nated at this design detail, which is 
repeated several hundred times in the 
structure of a T2 tanker.* Another pro- 
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lifie source of failures was at the end of 
t bilge keel, which provided a similar 
geometrical configuration. 

Figure 14 shows two overlapping 
secondary fractures in the side shell of 
i tanker Both fractures originated at 
longitudinal interruptions like that shown 
in the preceding figure, and there were a 
number of other secondary fractures start 
ing at similar points. In another tanker 
NBS Ship No. 81 


found, each of which had started in the 


nine such cracks were 


shell adjacent to the end of a longitudinal 

A tanker that broke in two while in 
port is shown in Fig. 15 The positions 
issumed by the two parts ol the vessel 
ire an indication of the bending moment 
that contributed to the initiation and 
propagation of the fracture. Figure 16 
shows the area in which the fracture 
originated, in the starboard deck stringer 
plate just forward of the chock base near 
the midship section. The mating edges 


of the fracture, near the starting point, 


heen ¢ ma be ed in existing ships 
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are shown in Fig. 17. The fracture 
source was at the toe of a small fillet weld 


hig. Overlapping secondary frac- 
tures in side shell of a 72 Tanker, 
VBS Ship No. 56 


Both fractures originated at the ends of 
interrupted longitudinals near a tre verse 
bulkhead Priangular the 
flanges of the longitudinals were torn out of 
the bulkhead (extreme left) (UU. S. Coast 
Photograph.) 


asset plates « 
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National Bureau of Standard to evaluate the 4 
effectiveness of practical modifications whicl 
new construction 


joining a clip to the deck stringer plate. 
The clip (for a wartime countermeasure 
against mines) was probably attached 
after the ship was built, and was so 
placed that the toe of the weld was al- 
most superimposed on the weld at the 
forward end of the inboard leg of the 
chock base. At the point of origin of 


the fracture, between these two welds, 
there were two small are craters in the 
deck plate. (The difficult welding posi- 
tion due to the proximity of the chock 
base probably contributed to this defect 
of workmanship.) The craters were par- 
tially bridged over with weld metal which 
was not completely fused to the plate, 


hig. 15 Tanker that broke in two at dock, viewed from port side, looking forward 


The bending moments that contributed to the origin of the fracture are indicated by the posi- 
tions of the two parts of the vessel. NBS Ship No. 52, Type T2-SE-A2. (U.S. Coast Guard Photo- 


araph.) 


Fig. 16 


The chevrons show that the fracture started in the deck stringer near the inboard leg of the 


ifter edge of fracture in starboard sheer strake and deck stringer of the 
tanker shown in Fig. 15 


chock base, and propagated into the sheer strake (left) and the deck longitudinal and bracket 
Cower right). 
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and which formed the projecting lip on 
the fracture, visible at the toe of the weld 
in the lower photograph of Fig. 17. 

The origin of this disastrous fracture 
may be attributed primarily to the are 
craters, which aggravated the stress con- 
centration resulting from the stiffening 
effect. of the chock base and from the 
mechanical notch between the two welds 
at the end of the chock base. The metal- 
jurgical effect of the overlapping heat- 
affected zones of the two welds, one of 
which was small and shallow, was prob- 
ably another contributing factor. The 
transition temperature of the deck stringer 
plate, 62° F, was lower than the average 
values for “fracture through”’ and “‘frac- 
ture end”’ plates of comparable thick- 
ness (0.99 in.) and was the lowest of all 
the “fracture source” plates which have 
been tested. Thus, the plate itself was 
not abnormally notch sensitive, com- 
pared to other ship plates, as measured 
by the V-notch Charpy test. However 
in the vicinity of the welds and the ar 
craters the notch sensitivity was probably 
greatly increased, as has been observed 
in a number of other plates. * 

Figure 18 shows the region of the start- 
ing point of a fracture, in another tanker 
that broke in two at sea. The origin of 
the fracture was at an old crack in the 
top of the half-round scuffing bar which 
was welded to the top of the sheer strake 
The scuffing bar and upper sheer strake 
had been deformed at some previous time 
apparently by bumping against a moor 
ing post or the like, and several smal! 
cracks (Fig. 19) had been formed in the 
top of the half-round bar, at a point 
between two parallel weld beads near the 
end of a chock base. (This end of the 
chock base was not perfectly aligned with 
the top of the sheer strake, and was welded 
to the half-round, slightly outboard of 
the weld joining the top of the half-round 
to the top of the sheer strake.) The heat- 
affected zones of the two small shallow 
welds overlapped, but the welds were not 
joined. The cracks started in the over- 
lapping heat-affected zones, probably as a 
result of the restraint imposed by the 
chock base when the deformation occurred 
The surfaces of these cracks were badly 
corroded, indicating that they had existed 
for some time without further propaga- 
tion. However, when the ship encoun- 
tered a critical combination of sea and 
loading conditions, combined with the 
factors of stress concentration, low air 
temperature and resulting increased notch 
sensitivity, one of these cracks propagated 
downward through the half-round, then 
through the lower weld into the sheer 
strake, and the catastrophic failure re- 
sulted. The steel of the half-round (NBS 
Plate 61A) was inherently more notch 


* It appears significant that in two of the three 
plates of the fracture source category which had 
transition temperatures below 70° F. the fractures 
originated at arc craters. (NBS plate numbers 
52A and 21A, see Fig. 11.) 
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r section of Tl tanker (NBS Ship No. 61) that broke in two at sea 


Pencil indicates origin of fracture. 
Longitudinal tears and cuts in sheer strake 
parts of ship after initial fra 
after deck and sides 


at top of half-round scuffing bar welded to top of shear strake 
resulted from battering of two 
. held together for 45 min 


and deck longitud 


. S. Coast Guard Photo.) 
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Fig. 17 The starting point of the 
fracture shown in Figs. 15 and 16 


The fracture source (arrows) is at two small 
are craters between the fillet weld to the chock 
base on the after section (above) and the toe of 
the light we Id to the clipon the forward section 
(below). * 0.75 approximately. 


Fig. 19 Top view of half round (right) 
and sheer strake (left) shown in Fig. 1g 


€ and D show locations of specimens cut 
froin sheer strake and half-round for m 
araphic examination and hardness tests. b 
and F indicate vertical longitudinal cracks in 
the top of the half-round under the weld, WV, 
to the chock base. S indicates a third vertical 
erack, which became the source of the main 
fracture. Note the extent of corrosi« 
top parts of the cracks, w 
they had existed for some tir 


sensitive than the average tor ship plates 
the 


notch sensitivity was further increased as 


At the location of the fracture source, 
a result of the small shallow welds and ot 
the previous deformation, or strain aging 
subsequent to the deformation The high 
phosphorus and nitrogen content of this 
steel suggests that it might be a Bessemer 
steel, a material which is usually found to 
be noteh sensitive and which is subject to 
excessive strain aging.'® This material is 
not seceptable for use as a strength 
member in hull structures.?* * 

An example of a shear fracture in 0.62 
in. plate from the side shell of a tanker is 
shown in Fig. 20. The fracture, propagat 
ing from below, was brittle near the 
bottom of the sample (not shown in the 
photograph ind changed to the shear 


type ibout 13 in. below the longitudinal 


* Both the present® and the preceding’ ABS 
specification equire hat the steel used in the 
const tion of the hulls of vessels shall be made 
by either or both the open-hearth or the electrical 
furnace Ces Ktef. & ection 3Y, paragraph 
prese peaheation also specahes a 
{004 in im for the phosphorus con 


Ly — 
— 
thir? 
<q. 
Fig. 18 Af 
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Fig. 20) Example of a shear type frac- 
ture in 0.62-in. plate (NBS Plate No. 
5oR) 


the shear fracture, propagating from below . 
stopped in the plate a few inches above the 
longitudinal. A brittle fracture, propagating 
from above and forward, ended when it ran 
into the shear fracture, P 
shear fracture 
brittle fract 
stress as the ship brok 
mately. 


near the center of the plate width The 


shear fracture ran upward and forward, 


with several sharp changes in direction, 
passed the end of a longitudinal (at a 
bulkhead interruption) and ended in the 
shell plate about 4 in. above the longi- 
tudinal, <A brittle fracture 
propagating from above and forward, 
ended when it ran into the shear fracture 
about 2'/, in. above the longitudinal 
This indicates that the lower (shear 
fracture had occurred first at this point, 
that the brittle fracture 


second 


and above 


Fig. 21 
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occurred later as a result of increased 
stress as the ship broke in two. Accurate 
determinations of the reduction of thick- 
ness could not be made, as the sample was 
badly corroded and pitted. However, 
measurements made after cleaning the 
fracture edges and the nearby plate sur- 
faces indicated that near the brittle frac- 
tures the reduction of thickness was of the 
order of 1 to 4%, the reduction appearing 
to increase slightly near the point where 
the fracture changed from brittle to shear 
type. In the two small areas of double 
shear fracture, near the bracket, the thick- 
ness reduction was about 30%, or more 
than 10 times the usually 
observed at brittle type fractures. 

Charpy V-notch specimens taken near 
the shear fracture, near the lower brittle 


reduction 


Part Il. Laboratory 


METALLOGRAPHIC 
EXAMINATIONS OF THE STEELS 


Specimens for metallographic examina- 
tion were taken from nearly all of’ the 
plates that contained fracture sources, and 
from «a number of the other plates. 
Generally several specimens were selected 
from various locations along the path of 
the fracture, and sections perpendicular to 
the fracture were examined. Metallo- 
graphic features such as grain size, in- 
clusions, banding and the like were noted, 
and any unusual features were recorded 
and photographed. 

The microstructures were typical of 
those of commercial quality hot-rolled 
carbon-steel plates. A few steels con- 
tained large numbers of nonmetallic in- 
clusions, while a few others were ex- 
cessively banded, but in general the 
microstructures were satisfactory for this 
type of material. Several of the plates 
were of rimmed steel as indicated by the 
carbon-free rims at the plate surfaces, 
Most of the steels, however, were semi- 


killed, 


Steel for Ships 


Woelliams, Ellinger 


Investigations of 
Fractured Ships 


fracture, and at some distance from the 
notch sen 


affected 


fractures showed that the 
sitivity of the steel was not 
appreciably in areas as near as | '/3 in. to 
the brittle fracture. 
sensitivity was increased considerably it 


However, the note}! 


the areas near the shear fracture, the 
effect being noticeable in specimens as far 


The 15 ft-ll 
transition temperature of the plate (omit 


as 8 in. from the fracture. 


ting specimens near the shear fracture) was 

2° F, the lowest found for any fractured 
ship plate tested to date. For similar 
standard specimens taken with thei 
centers 2 to 5 in, from the shear fracture 
the average transition temperature was 
56° F, the increase probably being due to 
the deformation and subsequent strain 


aging. 


Plates Removed from 


A large number of the specimens wer 
different 
graphic means to determine the extent ol 


examined by many metallo 
the deformation in areas adjacent to the 
fractures, These means included strain 
etching with several different reagents 
The specimens were examined under 
light, darkfield, oblique and 


Furthermore, mi 


polarized 
conical illumination. 
ecrohardness determinations were made on 
many samples, 

In the vicinity of the brittle fractures, 
the areas of deformation were extremely 
narrow and were in fact usually confined to 
the grains in which fracture occurred. In 
cases of ductile fracture the deformation 
extended for some distance on each side 
and ahead of the fractured grains. This 
indicates that the deformation was highly 
localized in the case of brittle fracture 
and that in the case of ductile fracture de 
formation occurred over a much larger 
volume of the metal. 

Microhardness measurements 
with the elongated Knoop indenter re- 
vealed pronounced directional variations 


made 


of hardness within grains in the vicinity ot 


7 


Neumann bands in. from fracture. 100 Fig. 22) Neumann bands and cracks. 500 
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brittle fractures and extending for some formed at the same time and in the sam: DETERMINATION OF FRACTURE 
distance from the fractures. These differ manner as tbe primary fracture. The GRAIN SIZE 
ences appeared to be related to the grain were transerystalline, straight and in the 
orientation rather than to the stress con same direction within a single grain, but Ata late stage im the investigation, a 
ditions or the extent of deformatior In hanged directions when going from one nowledge of the grain sizes of all of the 
dentations made at right angles ir i single grain to another plites Was required, for determination of 
grain, or parallel indentations in adjacent Occasionally the cracks are so numerous the relation between gram size and notch 
grains of different orientations. usually in ind so close together as to form a zone o tivit Because of the large number 
dicated hardness differences is great as the shatter Fig. 24 When this occurs, the pilates LN ved, it was felt that a rapid 
differences between fractured grains and metal between the eracks is very much onably accurate method of determin 
grains remote from the fractur: distorted howing distinct evidenes yy ize Was desirable The method 

Two unusual features were found in cold working Another interesting phe lo { requires no specimen preparation, 
, many of the specimens. These were nomenon is the apparent displacement. o nd is very similar to the method = ot 
Neumann bands or deformation twins slip of metal along the eracks, indicating for tool steel is desermbed im 
shown in Figs, 21 and 22, and directional the adjustment of stresses in the in the ASM Metals Handbook, 1948 edition 
eracks, shown in Figs. 22 to 26. Usuall mediate vieinit of the crack. Good page 405." The grain size thus deter 
both features were present in a specimen evidence of this is shown in Figs, 25 and nined has been called “Fracture Grain 
adjacent to a brittle fracture, infrequently 26 Size ind for most practical purposes is 
only one was found, and in a few cases Neumanr inds, or deformation twin the ime as the Austenitic Grain Size, as 
neither was observed in the areas ex may be formed in ferrite at room tempera hown in Fig. 15 of the reference 
amined, Neither Neumann bands nor ture by impact or shock or at low tempera Charpy V-notch speeimens that had 
directional eracks were found. in any ense tures by slow deformation There is no cen broken at temperatures low enough 
associated with fractures of the ductile or definite agreement at present in the severa oO obtain almost completely brittle frae 
shear typ They were found only near theories temerdine the wmothod of tarme ures were selected from each plate. The 
the brittle frac tures wu the ship pl ites tures of these peclmens were com 
tion or the reason for the formation o 
gener lly not more than Dut visually with the fractures of a set 
deformation twins However, it has beer 
oceasionally as far as Loin Neumann simular specimens having known (micro 
bands were found only in the ferrite and found that twins are formed more readil opically determined) austenitie grain 
not in the pearlite under conditions similar to those that ma ize Nos. 2 through 7 Independent com 
The numerous ‘“‘secondary’’ directional Increase the tendency to brittle fracture MLTLSO! were le b it least two ob 
cracks that were found adjacent to the such as low temperatures and high rates o ervers on 3 Charpy specimens from each 
brittle fractures are believed to have been trai ite, sand the ige value obtained was 


Fig. 23> Directional cracks adjacent to main fracture hig. 25) Displacement of fractured pearlite grains along 
erack. < 500 


Fig. 26 Displacement of fractured grains along crack. 
Fig. 24 Shattered sone near main fracture. x 500 < 500 
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taken as the fracture grain size number of 
the plate \ 


made by this method were compared with 


number of determinations 


microscopic determinations. In nearly 
all cases, the determinations checked with- 
in one-half ASTM grain size number, and 
none was off by more than one ASTM 


number 


MECHANICAL PROPERTIES OF 
THE STEELS 


Selection and Preparation of Test 
Specimens 


Specimens for the determinations of the 
mechanical properties of the plates (chiefly 
notched-bar and tension tests) were 
selected, in so far as possible, to represent 
the properties of the plates as fabricated 
in the ship. Test specimens were taken 
during 


fabrication, but areas that had been de- 


from areas that had been bent 
formed as a result of the casualty were 
avoided, 
of any 


affect the properties were recorded on a 


The location of each specimen 
and visible features that might 
sketch drawa to scale. The test results 
for each specimen were examined and com- 
pared, and specimens that had obviously 
been affected as a result of proximity to 
welds or flame cuts, or of damage incident 
to the casualty, were not used for deter- 
mination of the properties of the plate 
These specimens were used, however, for 
determination of the effects of fabricating 
operations and, on some of the plates, 
additional specimens were taken to deter- 
mine the effeets of welds, flame cuts or 
As it was realized early in 
that the 

significant 


deformation. 
notched-bar 

than the 
tension tests, priority was given to the 
notched-bar 
where the amount of material was limited. 

For the notehed-bar specimens, blanks 


the investigation 


tests were more 


specimens in those cases 


1 to 10 in. long were sawed out and milled 
or shaped to a width of 2.165 in. (equal to 
The 


individual specimens were then laid out, 


the length of a Charpy specimen). 


marked on the ends for identification of 
the plate and for the orientation of the 
notch, and numbered consecutively, be- 
Each 


specimen was shaped, or milled with a fly- 


fore sawing them from the blank 


cutter, to approximate size, and wet sur- 
face-ground, on all four sides, to the final 
The V-notches eut 
with a formed milling cutter, using one or 


dimensions were 
more roughing cuts and a final finishing 
cut of 0.002 to 0.008 in 
a bateh of specimens, the sharpness and 


Before notching 


contour of the cutter were checked by 
notching a sample specimen and compar- 
ing the image of the notch at 50 * mag- 
nification with a sealed template on the 
ground-glass of a metallurgical microscope. 
The shape and depth of the notches were 
checked frequently in the shop with an 
optical projector and special micrometers, 
and samples from each batch were again 
checked in the laboratory 
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As steels are generally not homogeneous 
throughout the plate thickness and rolled 
plates are nonisotropic due to the effect of 
the direction of rolling, the location and 
orientation of the test specimens are im- 
portant factors in the determination of the 
The depth of the 
rim in rimmed steel, the amount of surface 


notched-bar properties 


material removed, and the relation of the 
notch to the surface and core material are 
variable affect the 
values obtained for energy absorption, 


factors which may 
especially in specimens notched parallel to 
the plate surface. Also, in plates con- 
taining stringers, 
laminations, the plane of these discon- 


segregation bands or 
tinuities would be perpendicular to the 
direction of propagation of the fracture in 
& specimen notched parallel to the plate 
surface. This might lead to spuriously 
high values of energy absorption, because 
a large stringer or lamination may act as a 
miniature crack arrestor. As the discon- 
tinuities are elongated in the rolling diree- 
tion and are usually small in the trans- 
verse dimension, this effect is greater in 
longitudinal specimens, and may or may 
not occur in transverse specimens 

In a transverse specimen notched per- 
pendicular to the plate surface, stringers 
or voids, elongated parallel to the direction 
of rolling, would also be parallel to the 
plane of fracture in the test specimen, and 
generally tend to deerease the 
energy absorption, The same may oecur 


would 


in a transverse specimen notched parallel 
to the plate surface if the stringers or 
voids are very narrow in the transverse 
dimension. 

In longitudinal specimens notched per- 
pendicular to the plate surface, the effect 
of the variables mentioned above is much 
less, as the stringers are perpendicular to 
the plane of the fracture, and laminations 
or segregation bands are in a plane parallel 
to the direction of propagation of the frae- 
ture and perpendicular to the fraeture 
Notched-bar specimens from a 
number of the ship plates were tested in 
the different 
orientation (longitudinal or transverse), 


surface 


permutations of specimen 


notch orientation ( or | to plate surface 
and location of the specimen and the notch 
with respect to the plate surfaces. It was 
found that 
given temperature was more uniform and 
reproducible for the L J 


the energy absorption at a 
(longitudinal, 


notch perpendicular to plate surface) 
This orientation was chosen 
that 


reason, and also because in specimens of 


specimens 


as the standard for these tests for 


this orientation the direction of propaga- 
tion of the fracture is similar to that of the 
majority of the fractures which oceurred 
in service. In the few 
the fracture was parallel to the direction 
of rolling of the plate, where the rolling 
direction Was transverse to the length of 


instances where 


the ship or where the rolling direction 
was uncertain (as in small insert plates), 
additional specimens in the transverse 
direction were tested for comparison. 


Williams, Ellinger Steel for Ships 


The standard used im the 


ship-plate tests were taken as near to the 


specimens 


plate surface as possible, so as to include 
both rim and core material in the test 
sample. In machining, only enough mate- 
rial was removed from the plate-surface 
side to clean up the specimen. The tests 
of specimens taken from the center of the 
plate thickness appear to indicate that in 
a rimmed steel, the interior of the plate is 
considerably more notch sensitive than the 
areas near the plate surfaces, probably 
due to the lower carbon content of the rm 
In semikilled steels, the differ- 


ence is less and may even be in the opposite 


material 


direction 


Tensile Properties of the Steels* 


The specifications for steel for hull con 
struction in effect at the time of purchase 
of these steels? were predicated on a heat- 
sampling basis and required only a cold- 
bend testt and a tensile test, and that the 
the open-hearth or 
In 1948, the 


specification requirements were modified 


steels be made by 


electric furnace process 
to include certain chemical requirements 
1/, in. thick, and 


some changes were made in the require- 


for steels of more than 


ments for tension test properties. 

Tension tests were made on 4 large pro- 
portion of the plates, but beeause of the 
limitations of the material it was necessary 
to use several different types and sizes of 
tension-test specimens. A few of the 
plates were tested in duplicate with speci- 
mens of different types. 

The tension-test results indicated that 
the plates that fractured in service would 
probably have passed the acceptance tests 
The 


properties determined from the tension 


required at the time of purchase 


tests of the fractured plates indicate no 
relation that is marked to 
differentiate between the source, through 
or end plates. 


sufficiently 


Charpy V-Notch Test Data 


To establish the Charpy V-notch test 


curve for each plate, specimens were 


tested at various temperatures in the 


transition range. Usually 4 specimens 
were tested at each temperature, and the 
average value was plotted. To eliminate 
as far as possible the effect of local varia- 


tions in the plates, the 4 specimens wer¢ 


selected from different areas of the plate 
according to the following scheme: The 
consecutively numbered specimens were 


divided into 4 consecutive groups, for 


for example 1-8, 9-16, 17-24, and 25-32 


* See Appendices 1 and 2 
t The cold-bend tests were not generally made 
on the failed plates in this investigation because 


in most cases the samples received were badly 
corroded and a fair test could not be made on the 
required full-plate thickness specimens Fre 


quently the limited amount of material available 


could be used to better advantage for other tests 
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The first specimen in each group was des- 
ignated as Set A (1, 9, 17 and 25), the 
second as Set B (2, 10, 18 and 26), ete 
The sets were then selects d at random for 
the different test temperatures, but if 
consecutive sets were drawn for tests at 
adjacent temperature points, a second 


selection was made 


Occasionally several COMSCCULIVE ly 
numbered specimens showed abnormally 
high or low values of energy absorption 
compared to the other specimens tested 
at the same temperature. If a reason for 
this abnormal behavior could be found, 
such as proximity to a flame cut or a weld, 
evidence of local deformation or str wuning 
incident to the casualty, weld beads re 
vealed on etching the broken specimens or 
gross laminations, these specimens wer 
disregarded in computing the iverage 
value. 

The upper part of Fig. 27 shows the 
Charpy V-notch test curves for some 
plates in which fractures in the ships 
originated, and = the lower part shows 
curves for plates of corresponding thick- 
ness, in which fractures ended. The 
points representing the average values of 


energy absorbed in the multiple tests of 


each plate it each selected t mperature 
are connected by straight lines, with no 
The letter 


T on some of the curves indicates the 


attempt to smooth the curves 


temperature, if known, at the time of the 
ship failure To compare the plates nt 
the same energy levels, the temperature 
at which the curve crosses the line of 15 ft- 
Ib energy ibsorption is taken as the 15 ft 
lb transition temperature of the plate 
The horizontal bars superimposed on each 
set ol curves represent the range of 15 ft 
Ib transition temperatures of the plates 
in each category, and the vertical bars 
represent the range of average values of 
energy absorbed in tests at 30 and at 70 
F, 

It mav be seen that the transition 
temperatures of the fracture source plates 
were higher, and the values of energy 
absorption at corresponding temperatures 
the 


fracture-end category In orther words 


were lower than for the plates ti 


the plates in which fractures originated 
were considerably more notch sensitive 
than the plates in which the fractures 
ended 

This difference was observed early in 
the investigation, after only a few plates 
In the absence of defi- 
nite knowledge of the stresses and stress 


had been tested 


concentrations that existed in the plates at 
the time of the fractures, It appr ared that 
some information might be gained by 
comparing the notch sensitivity and other 
properties determined in the laboratory to 
the nature of the fractures that occurred 
In service Therefore the fractured plates 
were classified into three categories: Those 
which contained the source of a fracture 
in the ship failure), those which were 
fractured through and those which con 
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Fig. 27) Charpy V-notch test curves for some fractured ship plates 0.44-0.69 in. 
in thickness 


Horizontal bars indicate range of 15 ft-lb transition temperatures for plates in which ship 


fractures originated (above) and plates in which fractures ended (helow) Vertical bars 


range of energy absorbed in tests at 30 and 70 
are indicated by the letter T on the curves 


tained the end of a fracture, as defined 
previously 
divided into 


In this re port the plates ar 
three thickness groups, selected arbitrarily 
so that approximate] equal numbers of 
plates would be included in each thickness 
group. Group includes plates less 
than 0.70 in. thick, the lower limit being 
determined by the smallest plate thickness 
irom which a standard Charpy specimen 
could be obtained. Group includes 
plates of thickness 0.70 0.80 in., inclusive 
(nominal */q-in. plate), providing a group 
in which variations due to plate thickness 
are minimized ind plate s more than OSI 
in. thick (up to 1.50 in., the maximum 
thickness plate received) are included in 
Group ©.. For the analysis of the re 
lationship between the nature of the frac- 
tures that occurred in service and the 
notched-bar properties of the plates in 
volved, all plates that were not strictly 
“hull plates from welded ships in which 
fractures occurred in normal service’’ were 
placed in a separate miscellaneous group, 
D. This group includes plates in which 
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ate 
emperatures at the time of the ship failures 


the fractures resulted from explosion on 
collision damage, plates from riveted ships 
fractured plates that were not a part of the 
hull structure (rudder tube, seuffing bar, 
crack arrestor strap and masts), plates 
that contained no fracture although frae 
tures oceurred in adjacent plates or welds, 
a few plates in which the category of the 
fracture was doubtful, and some of the 
Ship Structure Committee “Project 
Steels 

A summary of the notched-bar test 
data, location and nature of the fracture 
source and related information for each 
plate in the fracture source category 1s 
given in Table 2. A condensed summary of 
the numerical data for all plates in’ the 
source, through and end categories, and 
for each thickness group, is presented in 
Table 3 

Figures 28 and 20 show graphical com 
parisons of the notched-bar properties of 
the plates In both figures, the horizontal 
bars represent the range of observed values 
for the plates in each category and thich 


ness group, and the vertical lines in the 
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Table 2—Summary of Data on Fracture Source Plates for Which Transition Temperatures Were Determined 


NBS Plate Terp. at Energy at 15 ft.1b 
Plate Thickness Failure Failure Temp. Trans. Temp. Type of Vessel, Location and Nature of Fracture Source, Remarks 
No. Inches Ft.-lb 


A. 6 Ball Plates, Thickness 0.));"-0.69" 


0.49 
0.45 


0.52 


0.461 
0.49 


0.43 


5.5 


122 
143 
110 


85 
83 
62 


Z-ET1-S-C}. Insert plate, fwd. corner No. 3 hatch. Source at hatch 
corner, in flame cut carner of opening. 

T2-SE-Al. Shell, G strake stbd. Secondary source near weld at angle of fluted 
trans. bhd. 52. Original source probably in bottom. Ship broke in two. 

EC2-S-Cl. Shell Fl? port, fr. 152. Source reported near longitudinal seam 
weld, end at rivet hole in same plate. Welded previous night. Temperature 
changed 25°F. 

Mod. C2. Channel, top of above-deck long'l. girder. Source near hatch corner 
at notch between welds to platform deck plate and to hatch side doubler plate. 


EC2-S-Cl. Sheer strake J9 port, at flame cut top edge near end of freeing 
port in bulwark. Fracture end in same plate, near lower seam veld. 
EC2-S-Cl. Curved bilge plate D8 port. Source reported near weld to tank top. 


Cracked in drydock as dock was drying. Air temp. 75°F, water 40°F 


12 Hull Plates, Thickness 0.70"-0.60" 


0.71 
0.71 


0.72 
0.75 


0.75 
0.72 


0.71 
0.75 
0.75 
0.72 


620? 


10.8 


153 
151 
140 


102 


98 


83 
79 
75 
69 
63 


EC2-S-Cl. Deck stringer, stbd., fr. & at aft edge of welded doubler, fwi. 
corner of deck house. Highest transitio temperature of all hull plates tested. 
Z-ET1-S-C3. Deck plate, fr. 113 at after corner of deck house. Source near 
welds to deck house (above) and to transverse bhd. (below). 
EC2=S-Cl. Deck insert plate. Source at fwd. commer No. } hatch. Rolling 
direction transverse to length of ship. Trans. temp. 150°F for transverse 
cimens. 
Z*ET1-S-C}. Deck stringer plate. Source near intersecting and overlapping 
welds at edge of doubler pad. 
T2-SE-Al. Shell, D1O port. Source at end of interrupted longitudinal, 
near transverse bulkhead. 
T2-SE-Al. Shell Fl2 port, curwed bilge plate. Source at end of bilge keel. 
EC2-S-Cl. Sheer strake J9 stbd., at ladder cutout fr. 90. Crack about 1" 
long, origin at rough flame-cut edge near change of section. 
EC2-S-Cl. Sheer strake J9 port, at ladder cutout, fr. 90. Same as 9B 
above. See Figure 7. 
T2-SE-Al. Shell, D7 port, curved bilge plate. Source at end of interrupted 
longitudinal near bhd.62, 1h" below DE seam. Ship broke in two.See Figure 12. 
T2-SE-Al. Shell, E15 port. Secondary source at end of interrupted 
longitudinal, near transverse bulkhead. 
Z-ET1-S-C2. Sheer strake J11. Source at change of sectiam and arc crater an 
flame cut edge. Steel very hard near weld and flame cut. See Figures 9 and 10. 
T2-SE-Al. Shell Cll port. Secondary source at and of lang’). Short crack at 
undercut weld, side of tripping bracket. Plate not fractured completely thru 
in some areas. 


Plates, Thickness 0.81"}-1.25" 


0.82 


660 


78 
76 


C3-S-A2. Deck plate at after part corner No. 3 hatch. Source exactly at 
comer of flame-cut hatch opening. See Figure 6. 

T2-SE-Al. Shell E16 stbd., fr. 55; curved bilge plate. Source at end of 
bilge keel, end in same plate. Bilge keel had recently been straightened by 
“application of heat and force". 


T2-SE-A2. Sheer strake, port, fr. 60. Secondary source at small weld bead in 
sample. Reported last plate to fracture as ship broke in two. See Figure 1. 
C}-S-A2. Deck plate at after stbd. corner No. 3 hatch. Source at junction 


of welds at hatch corner. 

VC2-S-AP2. Deck stringer, stbd. Source at square carners of cutout where 
padeye had been welded thru deck to girder below. Padeye was cut off 
flush with deck and covered with light seal weld. 

Ci-S-A2. Insert plate, No. 3 hatch. Fracture started at after stbd. hatch 
corner in diagonal weld about 7" long, apparently a repair weld of a 
previous crack. 

T2-SE-Al. Shell El port, fr. 56-57; curved bilge plate. Source at weld to 
longitudinal. 

Tanker, not MC Type. Shell, ™% stbd.; curved bilge plate. Source at end of 
lagitudinal, reported as "fatigue crack". Actual source not available 
for examination. 

T2-SE-Al. Shell, E strake port, fr. 51-62. Source at notch between serratian 
of bilge keel ami doubler at fwd. end of b.k. Appearance of "fatigue crack" 
found due to heat affected zones of fillet welds to bilge keel plate. 

T2-SE-A2. Deck stringer, stbd., fr. 56. Source at arc crater and notch 

between weld to chock base and weld of small clip to deck. See Aicures li, 15, 1é. 


Miscellaneous Plates and Shapes 


58w ? 


8.07 


8 


VC2=S-AP2. Tubular main mast formec from plate, fractured 65% while testing 
cargo boom. Source near weld eat mast house top. Transitio temperature 
varied with location; highest near fracture source. 

EC2-S-Cl. Rudder tube, 16" 0.D. Practure source at fatigue crack starting at 
plug weld near shelf plate. Lower half of rudder lost. 

C2=-S-AJ1. Deck stringer, frame 85 port. Probable source, near weld to sheer 
strake. Fracture welded, so exact source could not be determined. 

Rivetted Collier. Inboard deck plate. Probable source near hatch corner. 

Brittle fracture changed to shear near rivet holes. Rivet hole spacing 
indicates 10% elongatiam near shear fracture. 

U.S.C.G.C. Shell, E2 port, fr. 18. Rivetted constructim. Practure source at 
rivet hole, end in same plate. Ice damage. 

Tl-MB-Tl. Half round scuffing bar at top of sheer strake, fr. 35. Non- 
structural attachment, probably Bessemer stee]. Source between adjoining 
weld beads, at old crack caused by previous deformation. See Figs. 17 and 15. 

VC2-S-AP2. Foremast, lower strake. Formed from plate-possibly transverse. 

Source near internal lap weld to secand strake. 

EC2-S-Cl. Crack arrestor strap. Source at punched rivet hole near flame cut edge. 
Changed to shear fracture near end of crack. 

SE-Al. Shell, AB port. Source reported near outboard edge of plate, probably 
near bulkhead intersection. Actual source not examined 

ACG. Port bow, above sheer strake. Collisan damage. Source near seam weld, 

end in same plate. 


? ‘Temperatures reported when the fracture was discovered, but reports did not indicate that the 
exact time of fracture was know. 


* Values determined by extrapolstian of notched bar test curve. 


Williams, Ellinger 


Steel for Ships WELDING RESEARCH SUPPLEMENT" 


198 of 
SOA 58w || 
“A 
S78 of 
ula 58A 9.3 
17% Low Tals 
302° 
= 6.4 
75B 5.0 
— 8.27 
9A “A - 
6a 
7.0 
= USA 
= 
C. 
28 1.26 6.0 128 
298 0.83 = 7.8 102 
328 1.27 SSA 6.5 97 
= 0.87 Sa 7.9 88 
1.19 Won 9.0 
12A 0.85 Law 8.5 | 
924 0.81 5Sw 10.0 73 
52a 0.99 aba 8.0 62 
0. 10 
SOA 1.50 20a 3.3" 161 
62B 0.8% 60A 4.7 143 
sup 0.48 32a 135 
268A 1.00 4.6 106 
61A 8.2 100 
L9A 1.25 5.5 
: 


Pable 3—Summary of Charpy V-Notch Test Data 


Fracture Category Average Temp. at Failure Number Energy at Failure Temp. 15 Foot-Pound Transition Temp. | Number 
Thickness Grouy ' Thickness Average Range Plates | Average Average Range Std. Dev. Plates 
| Inche N Ft.-lb. °F "7 N 
Fracture SOURCE Plates | 
A. Hull Plates 0.4L"-0.69" 0.° 52.0 5.5- 9. 9. 16.2 
| B. Hull Plates 0.70"-0.60"| 0. 46.8 37-62 10 6.7 3.2911. 101. 63-1 30.1 1? 
} 
i ¢ Hull Plates 0.81"=1.50" 1.01 49.7 34-66 10 8.0 5.5-10.¢ 88.9 62-126 17.9 10 
| 
All Hull Plates 0.81 48.7 34-66 2 2k, 2-1 24.3 28 
D. Misc. Plates and Shapes 0.95 37.7 20-44 7 5.5 3.3- 8.1 117.8 80-14) 28.5 10 
ALL SOURCE Plates 0.85 46.2 20-66 30 6.92 2.26 62-16] 26.5 8 
Fracture THRU Platee 


A. Hull Plates 0.hL"-0.69" 0.62 40.7 0-78 1s 10.2 L.5=18.7 56.2 2u= 15.7 
B. Hull Plates 0.70"-0.80" 0.73 43.0 lk 0.1 6.0-16.0 61.7 89 12.4 
C. Hull Plates 0.81%1.50"| 0.9 37.7 20-60 12 | 7.2 9.9 79.6 $7-107 

All Hull Plates 9.61 }.6-18.7 3.38 66.1 24-102 17.0 LS 
D. Misc. Plates and Shapes 0.69 36.0 30-SL 


ALL THRU Plates 0.75 40.1 0-78 Lé 


Fracture END or NO FRACTURE 
| 


0.57 46.7 0-67 9 


vi 
» 
fo] 
@ 
~ 
~ 
. 
~ 


A. Hull Plates | 


| 
B. Hull Plates 0.70"=0.80" | 0.75 49.4 32-70 9 12.0 8.1-17.2 & 9- 6 17.1 10 
C. Hull Plates 0.81"=1.50" | 0.8: 45.5 37-66 11.7 7.1-16.0 67.4 13.5 8 
All Hull Plates | 0.69 0-70 24 15.96 5.0-51.7 10.1 Si 22.7 32 
D. Misc. Plates and Shapes 0.56 9. 2 6.4 6.8 79. 62= 12.4 


Plates with NO FRACTURE | 0.57 uk .2 27.7 2h=- 61 .3 


ALL END or N.F. Plates | 0.66 46.5 0-70 30 15.55 §.0-51.7 9.97 


| .0 22. 40 


bars (including the ends) show the value ire crater on a tlame-cut edge of the plats plates or w Is w fractured in the ship \ 
for individual plates. The circles above See discussion of Figs. 10 and 11 failures; and some of the Ship Structure 
the bars indicate the aver ive lor ill plats Phe 15 ft-l transition temperatures ol (Commit tes Pro t Steels that were 
in each group the plates are compared in Fig. 20.) th tested at NBS Phe 15 ft-lb transition 
The comparisons In Fig. 28 are based on iddition to the average, individual value temperatul of Projeet Steels tested at 
the energ ibsorbed by Charpy V notel ind range of ob rved for the priate Penn Stat (‘oll ure shown 
specimens at the failure temperature of in each categor the range of plus or for comparise the bar at the bottom ot 
each plate. The ranges of the failure minus twice the standard deviation of the figure Phese transition temperatures 
temperatures for each group, and the pro observed transition temperatures is shown vere estimated from the curves on pages 
portions of the plates in each eategor by arrows extending from the circles that 5-57 of tl reference,* except that for 
that showed energy ibsorptions above indicate thi iverage value Phe Steel big. BS of Reference 20 the 
10 ft-lb at the failure temperatures, are upper three sections of the figure show the value show for the rim material were 
shown in the figure Nearly half of the transition temperatures of fractured hul ised (as t nos used at NBS were 
plates that did not contain fracture plates in the throug ind oer near as possible to the plate 
source, but only 10% of the fracture source eategori reach of the three thickne irta I} estimat f the 15 ft-lb 
plates were capable of absorbing more Lroups \ Bo and ( of Tables 2 and 3 il tion temp ture ol the Dy and / 
than 10 ft-lb in the V-notch Charpy test Che fourth seetion shows the values for al eel rom tl move reference vere 
at the temperatures ol the failures wu of the above thickness groups combined out 5 F high than the values found ‘ 
service The energy absorbed at tl The data for the miseellaneous plate or these steels at the National Bureau of 
failure temperature was more than 15 ft Group D) are shown in the lower seetior Standard 
Ib for 33% of the plates containing the end of the figure rh ction includes twe \ i between the plate thickness : 
of a fracture or no fracture and for 0°) 0 idditional eategories: Plates in which m ind the f teomporatur of the 
the fracture through” plates None ¢ raetu eccurre though adjoming ates is indicated heupper sections ol 
the plates in the fracture sour catego hig. 20 pleat top) have 
showed an energy absorption as high ak 
15 ft-lb, the highest value being 11.4 ft-l 
at a temperature of 45° F In this plate 


NBS plate No. 21A (Table 2, thicknes f tota tor f “ ' ence 21, probabl 
group B), the fracture originated af ar 
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PLATES CONTAINING SOURCE OF FRACTURES WHICH OCCURRED IN SERVICE 
cH RANGES OF FAILURE TEMPERATURES 40°. 
HULL PLATES 0.70"-080" 10 37 - 62 
MORE THAN FT-LB ENERGY 
ABSOR T OF TES 
MULL PLATES 0.81" -1.27" 10 ocficn 34 - 66 
MISC PLATES 0.41"-150 - FT-LO LINE 20-60 
. PLATES WHICH FRACTURED THRU IN THE SERVICE FAILURES 
| HULL PLATES 0.44°-0.69° 15 PLATES - 
| MULE PLATES 0.70"°-0.80" 14 oo—tin—n 24 - 60 
MORE THAN FT.-.6. ENERGY 
ABSORBED: 16 OUT OF 46 PLATES + 33% 
HULL PLATES O81 - 1.27 12 20-60 
MISC. PLATES 1.50" 5 30 - 54 
| PLATES INVOLVED IN SHIP FAILURES, CONTAINING END OF FRACTURE OR NO FRACTURE 
Q 
| PLATES 044°-069" 9 PLATES I I ] - 67°F 
HULL PLATES 070°-080" 9 cofot5 32 - 70 
MORE THAN O FT-LB. ENERGY 
ABSORBED OUT OF PLATES 
WuLL PLATES 0817-127" 6 37-66 
ENO R ONO FRACTURE 
MISC. PLATES O41"-150" 6 37-49 
° 5 10 15 20 25 30 35 40 45 50 55 
ENERGY ABSORBED AT FAILURE TEMPERATURES, FT.- LB. 
Fig. 28 Relation of energy absorbed by Charpy V-notch specimens at the temperatures of the ship failures to the nature 
of the fractures in the ship plates. Vertical lines in the bars indicate values for individual plates. Circles above bars indi- 
cate average value for each group of plates 
« generally lower transition temperatures, dicated in each thickness group by both a few inches from Source B. On the other 
: and a greater spread of values, than the the upper and the lower limits of the side of Source B, the fracture divided into 
"es thicker plates. Project Steel FE. also has ranges of observed values of the transition two branches, one of which stopped in the 
a lower transition temperature in the '/2- temperature and (with one exception) the plate. Several areas of this plate were 
in. plate than in the */, in. thickness as ranges of the scatter bands defined by the not fractured completely, and on break 
shown in the second bar from the bottom average value plus or minus twice the ing open the crack in the laboratory, bright 
of Fig. 29. This indicates that the notch standard deviation newly formed areas of shear fracture were 
toughness of a steel may be improved by Among the fractured hull plates (for the found, near the plate surface and at a few 
the lower finishing temperature or the 3 thickness groups), the transition temper- isolated points in the interior of the plate 
ie greater amount of hot working, or other atures were below 70° F for 78% of the All of the above facts indicate consider 
-. = able resistance to fracture, which is con 


involved rolling to thinner 


However, the greater spread 


factors in 


dimensions 


of values for the thinner plates suggests 
that the 
also by other variables in the rolling proc- 


sensitivity is influenced 


notch 


ess (such as reduction per pass, tempera- 


ture at last pass or rate of cooling, ete.) 
naturally 


these variations would be 


as 


greater in rolling to the thinner dimen- 


sions 
In group the 
miscellaneous group the average transi- 


each thiekness and in 


tion temperature of the plates in the ‘“frae- 


ture source’ category is higher than the 


average values for plates that did not con- 


tain the source of a fracture in the ship 


failures. Plates in which the ship frae- 


tures ended show lower average transition 


temperatures than plates in the ‘fracture 


through" category, although this differ- 


ence is not as great as the difference be- 


tween “source” and “through plates 
I.ven though there is a rather large scatter 
within each category, and the ranges for 
the different categories overlap somewhat, 


the same consistent relationship is in- 


bes 


“fracture end” plates and for 58% of the 
plates that fractured through. Only 3 
out of 28, or 11%, of the plates in the 

had 
F, the lowest be- 


fracture category transition 
temperatures below 70 
ing 62° F. In two of these three plates 
(NBS Plate Nos. 21A and 52A, Table 2) 


the fractures originated at are strikes on a 


source 


flame-cut edge or near a small weld (Figs. 
11} and 17). The local notch sensitivity 
at these points was probably considerably 
higher than in the unaffected portion of 
the plate, where the specimens for deter- 


mination of the transition temperatures 
were taken. In the third plate (75C) 
there were two sources of secondary 


fractures: (A) an undercut weld at the side 
of a tripping bracket, and (B) the edge of a 
small globule of weld (another 
possible are strike) at the end of a longi- 
tudinal. The crack \ propa- 
gated only a short distance and stopped. 
The crack at Source B apparently did not 
start until the main fracture, extending 
from an adjoining plate had nearly reached 
that point, as the two fractures joined only 


metal 


at Source 
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sistent with the relatively low transition 


temperature (63° F) of this plate 

In the miscellaneous group the trend is 
similar: 75% of the plates containing the 
end of a fracture or no fracture, 43% of 
the fracture through category and none of 
the fracture-source plates, had transition 


temperatures below 70° EF 


STATISTICAL INTERPRETATION 
OF NOTCHED-BAR TEST DATA 


The evidence presented above shows a 
very definite difference of the notch sen- 
sitivity of the plates in the different cate 
gories, Whether measured by the energy 
absorbed at the failure temperatures of 
the respective plates or by the 15 ft-lb 


transition temperatures. A statistical 
evaluation of the differences shown in 
Table 3 between source-through and 


through-end plates, respectively for these 
two criteria of notch sensitivity is given in 
Table 4 


This analysis indicates that it 


WELDING RESEARCH SvPpPLEMENT 


yoke 


36 FRACTURED HULL PLATES, THICKNESS 0.44°- 0.69" | 
SOURCE OF FRACTURE 6 PLATES 
37 FRACTURED HULL PLATES, THICKNESS 0.70"- 0.80" 
32 FRACTURED HULL PLATES, THICKNESS 0.8!"-1.27" 
SOURCE oF FRACTURE 10 PLATES | 
105 FRACTURED HULL PLATES, ALL THICKNESS GROUPS COMBINED 
SOURCE oF FRACTURE 28 PLATES — — 
Fracture THRU 45 
25 MISCELLANEOUS SHIP PLATES AND SHAPES, THICKNESS 0.41"-1.50", AND PROJECT STEELS 
END oF FRacTuRE 3 
——} provect STEELS - PENNSYLVANIA STATE COLLEGE 


15 FT-LB. TRANSITION TEMPERATURE - *FAHR 


Fig. 29 Relation of 15 ft-lb transition temperature to the nature of the fractures in ship plates and comparison of transi- 
tion temperatures of fractured ship plates and “project steels.” The arrows represent the range of plus or minus twice 
the standard deviation of the transition temperatures for each group of plates 


is extremely unlikely that these differences ipproximately 60 to 90° F (Figs. 24 and fracture-end plate. Similarly, many of 
might be due to chance 30 might have been a fracture-source the plates mn thi lracture end” category 
The difference of noteh sensitivity of the plate under severe stress conditions in the might have beer fracture through 
plates in the different eategories may be presence Of a notch or under less severe plates if the ure conditions at the head 
interpreted as follows: The fractures in the stress conditions it might have been a of the advancing fracture (in the ship) had 


ships originated in plates that were, so to 


speak, “seleeted’’ because of lower than 


average noteh toughness at critical loca Table 4—Statistical Evaluation of Differences of Notched-Bar Properties of 
Hions in the structure The plates in the Source Through and End Plates 

through’ and “end eategories were —----—- - T T 

run of the mill’ plates that happened to Quantity Vanperes : ~ 
bee thee path of the fracture as it propa hru- Tir u- 
gated. In some cases, higher than average 

notch toughness of the pl ites (that is v7 Hull Plat . t 
greater ability to absorb energy) contrib All Plat *F 

uted to the halting of the fractures tandard Err 

However, there were many other contrib [6,3 
uting factors such as differences of stress N, 4 on 
concentration, dissipation ol elasti« 

energy, changes in stress levels due to Rat 

transient loads, readjustment of stress / Sy 

distribution or the effeet of nearby struc 

tural reinforcements. These factors un P ly 
doubtedly account, in part, for the over | 

lap and seatter of the noteh sensitivity 

properties of the plates in the different = 
categories For example, a plate in the I © Average Value, © xx » Where N © nunber t £x - 

fracture through’’ category, having «a satin 


transition temperature in the range 
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not been mitigated by factors such as thos 
listed above Some plates classified in 
the “fracture end” category actually did 
fracture through under more severe stress 
conditions, as illustrated in Fig. 20 and 
discussed in the definition of the “fracture 
category 

Local variations of notch sensitivity in 
the plates is another probable cause of thi 
scatter, For example, many of the frac 
tures originated in areas that had been de 
formed in fabrication or in service, or near 
welds, are strikes or flame-cut edges 
Notched bar and other tests show that the 
notch sensitivity is generally greater in 
such areas than in unaffected portions of 
the plate 

It appears reasonable to believe that 
plates of the quality uscd in ship construc 
tion would show « distribution of noteh 
sensitivity similar to the familiar Gaussian 
probability curve, or normal curve. Thus 
a small sample of plates taken at random 
would probably include only plates with 
‘normal’ values, and the probability is 
small that the sample would include plates 
with abnormally high or low values. This 
is shown by the project steels and by the 
ship plates which did not contain fraeture 
sources; these relatively small random 
samples did not include any steels with 
transition temperatures as high as those 
found for some of the “fracture souree”’ 
plates, although, if a much larger sample 
were taken it is probable that such steels 
would be found The “fracture souree”’ 
plates, however, were not taken at random, 
but were “selected” by the fact that they 
contained the origm of a fracture This 
selection was from a much larger sample 
(all of the plates in service at numerous 
eritical locations in some 5000 ships), and 
consequently the chance of finding plates 
with the abnormally high transition 
temperatures was much greater. Similar 
evidence of seleetion is indicated in Fig 
57 of Reference 1, which shows that ship 
plates fractured in service (not all of which 
were fracture-source plates) were generally 
more notch sensitive than either plates 
selected at random from shipyards ot 
samples obtained from steel mills 

In Fig. 30, the above interpretation is 
tested by an analysis of the frequenes 
distributions of the observed 15) ft-lb 
transition temperatures of all plates in 
the source, through and end categories 
The vertical bars indicate the percent ol 
the total number of plates in each eate 
gory * (left-hand seale) or the number of 
plates (right-hand seale) in each 10° I 
Interval of the transition —tempera- 
tures (For convenience the intervals 
are taken as 10-19, 20-20, ete., and 
the bars are placed at the midpoints of 
these intervals.) Fractured hull plates ar 


* Ky plotting in terms of percent, rather than 
number of plates, the eur for the three eate 
gories are reduced to t te seale so they may 
be compared directly wugh the number of 
plates in each category, different 
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15 FOOT-POUND TRANSITION TEMPERATURES °F. (CHARPY V-NOTCH SPECIMENS) 
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Fig. 30) Frequency distributions of 15 ft-lb transition temperatures of plates 
in the fracture-source, fracture-through and fracture-end categories 


The distribu . of the fracture -through plates (cente Hy approximates th 


t 
through plates in each interval (dash-dot line) increases 
with increasing transition temperature. 


represented by the center-lined portion cidedly unsymmetrical, and the average 
of the bars, und the open parts of the bars transition temperature is 33° F higher 
represent the additional plates of the than the average for the fracture-through 
miscellaneous group. Reasonably smooth plates. The distribution curve for the 
frequency distribution curves (solid lines) plates containing the end of a fracture or 
are obtained by plotting the moving no fracture is also somewhat unsymmetri- 
averages (for all plates) of 3 successive cal, and the average transition tempers 
intervals. The average transition temper- ture is 14° F lower than that of the plates 
ature for all plates in each category is in- in the fracture-through category \ 
dicated by the symbol “O,” and = the number of the plates in the fracture-sourc« 
symbol “X” indicates the average value and fracture-end categories had transition 
for the hull plates alone. The sym- temperatures respectively higher or lower 
bols are placed at the location of the than any found in the sample represented 
peak of the computed normal curve by the fracture-through plates. However 
Arrows extending from these symbols if the normal curve represented, say) 
show the range of plus or minus one, two 10,000 plates, the ends of the norma! 
or three times the standard deviation. It curve, which approach zero asymptoti 
may be seen that the average values and cally, would include a number of plates 
the general shape and position of the dis- with higher or lower transition tempera 
tribution curves are net changed signifi tures than were found in the relatively 
cantly by the additional miscellaneous small sample 
plates The frequency distribution curve for 
The distribution curve for the fracture- the fracture-source plates shows that « 
through category (Fig. 30, center) is large proportion had transition tempera 
nearly symmetrical, and closely approxi- tures in the same range as the fractur: 
mates the normal curve (dashed line) com through plates, which might appear to in 
puted from the values of the average and dicate that there is no sharp demarcation 
the standard deviation. The curve for between the transition temperatures of thi 
the fracture-source plates (top) is de- fracture-through plates and those which 
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ontained a fracture source. This may be 


ittributed in part to stress differences and 


local variations of notch sensitivity, as 


of fracture-through plates (presumably 


selected from the same gene ral population 


is therefore 14.9. 18.6 or O.S for this inter- 


CHEMICAL COMPOSITIONS OF 
STEELS 


discussed previously. However, it is val. Similarly, 15.8% of the fracture- Chemical analyses were made on all of 
necessary to consider also the relative source plates, and only 7.1% of the trac the plates, and gas analyses, by the 
numbers of plates in each interval of ture-through plates, or a ratio of 2.2 wcuum-fusion method, were completed 
transition temperatures, in the general would be selected from the 00-99° F inter representative sumples from nearly 
population from which both the fracture- val of transition temperatures. In other lf of the plates,” 

source and the fracture-through plates words, plates with transition temperatures None of the steels had a silicon content 
were selected. The frequency distribu- 20° F higher would furnish a_ slightly reater than 0.120%, which indicates that 
tion of the general population cannot be larger percentage of the total number of ll of the steels tested were either semi- 
derived directly from the available data fracture-source plates, but less than half led or rimmed steels, and that no killed 
as the relative number of “source is many fracture-through plates teels were included 

“through.” “end” and no. fractan The dot-dash line in-the upper pait of In order to determine whether the notch 


plates involved in the actual service fail 


ures is unknown, and bears no relation to 


Fig. 30, showing the relative proportion of 


fracture-source to fracture-through plates 


ensitivity of the steels and the nature olf 


the fractures that occurred in service were 


the number of sampie plates in) each in each interval in the range 50 to 110° I elated he hemical compositions, 
lots s gs. 3} ‘re ‘ 
category indicates that this ratio ineronsie inate and plots similar to Figs. 31 and 32 were made 
Nevertheless, an indirect comparison with or each element found in the chemical 


intervals of 
the 


different 


temperatures, ol 


may be made, for 


transition relative 
proportion ol the total number ot plates 
in each category. For example the mov 


ing average values for 3 successive inter- 


vals (from which the smoothed frequency 


more rapidly increasing transition 


temperatures, This means that the prob 


ibility that a plate will become the start 


under the condi 


ing point ola tracture 
tions existing in a structure such as a ship 


increases markedly with increasing transi 


tion temperature ol the plate as deter 


teels 
ind nitrogen, 


the and for the gases 


tnalyses ol 


hydrogen, oxyget In each 


section of these figures, the vertical bars at 


the left the range of (element) 


represe nt 


ontent lor plites of ¢ ich thickness group 


in the through and end or no- 


source 


distribution curves of Fig. 30 were plotted mined with Charpy V-notch specimens racture categories, respectively, and the 

indicate that plates with transition Similar calculations’ th vinbols within the bars represent the 
ryal 70-75 verage values "he » ele 
temperatures in the interval 70-79° |} probability of a fracture ending in a plate iverage valuc rhe content of the ele 


would be expected to include 14.9% of the increases as the transition temperature ment under consideration is also plotted 
total number of fracture-source plates and lecreases, as shown by the dot-dash line 
15.6 ol the fracture-through plate in the lower section of Fig. 30 
Phe ratio % ol tracture source plates // plates teste ven in Appendix 3, 
40 49 PLATES, THICKNESS 041-069 | 34PLATES, THICKNESS 0.70°- 0.80 33 PLATES, THICKNESS 0.8I"-1.50" 4 
STE STE | STE “ 
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| © . j i | 
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Fig. 31 Relation of carbon and manganese content to nature of fractures and to 15 ft-lb transition temperatures 
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against the transition temperature, for 
the individual plates in each thickness 
group. Different symbols are used for the 
plates in each of the three categories, as 
shown in the legend. TheNBS plate num- 
bers of some of the plates, especially those 
in the fringe areas of the scatter diagrams, 
are also shown 

Carbon: Carbon content (Fig. 31, top) 
has a pronounced effect on both the nature 
of fracture and the transition temperature. 
In each thickness group (except for one 
plate), the range and the average values of 
carbon content of plates in the fracture- 
source category are higher than for plates 
which did not contain a fracture source. 
The lowest value of carbon content for a 
fracture-source plate (all thickness groups 
combined) was 0.20%. The carbon con- 
tent was 0.20% or less (below the hori- 
zontal line) in 24% of the fracture-through 
plates, 32% of the fracture-end plates and 
only 3% of the fracture-source plates. In 
the scatter diagrams, the majority of the 
points fall within a broad band (sloping 
lines) and indicate a general increase of the 
transition temperature as the carbon con- 
tent is increased, 


Vanganese: Manganese content (Fig. 
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31, bottom) does not show any consistent 
relationship to either the nature of the 
fracture or the transition temperatures of 
the plates in the various thickness groups. 
Only one of the plates contained more than 
0.60% manganese, the minimum required 
by the present ABS specification’ for 
plates more than '/) in. thick. 

To determine whether any possible 
effect of manganese was masked by the 
effect of the carbon content or the manga- 
nese-carbon ratio, similar plots were 
made for plates with various constant 
levels of carbon content. The dotted 
lines connecting the circled points in Fig. 
31 (representing plates with 0.21-0.22% 
carbon) are typical of the scatter for the 
different levels, and show no 
definite 
ratio was also plotted against the transi- 
tion temperatures and the relations (not 


carbon 
trend. The manganese/carbon 


shown) were no more evident than the re- 
lation for carbon alone. 
Phosphorus (Fig. 32, top): 
high phosphorus content (greater than 
0.04%) generally had higher transition 
temperatures, although the trend is not 
very evident in the figure since high transi- 
tion temperatures were found also for a 


Plates with 


number of plates with low phosphorus. 
The relation between the phosphorus con- 
tent and the nature of the fractures is more 
apparent than the relation of phosphorus 
content to transition temperature, as in 
all thickness groups the plates with high 
phosphorus content were in the fracture- 
source category. Five of the plates con 
tained more than 0.04% phosphorus, the 
maximum permitted by the present ABs 
specification.’ All of these plates con 
tained fracture sources, which were located 
near welds or flame cuts. 

An explanation of the above observa- 
tions is offered by the work of MeGeady 
and Stout,?? who reported a correlation be 
tween the notch sensitivity of welded 
plates and the carbon content plus 20 
times the phosphorus content, whereas 
for the same plates in the unwelded condi- 
tion the notch sensitivity apparently was 
not so closely related to the phosphorus 
content. Similarly, the fracture sources 
in the ships were generally associated with 
welds or flame cuts, while the transition 
temperatures were determined ur 
affected areas of the plates. 

Sulfur (Fig. 32, center): Most of thy 
plates had a normal sulfur content of 0.02 
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Relation of phosphorus, sulfur and silicon content to nature of fractures and to 15 ft-lb transition temperatures 
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to 0.04%. and in this range sulfur ap 
parently has little or no effect 
Silicon con 


affects the 


Silicon (Fig. 32, bottom 
tent, in the 12% 


transition temperature and the nature of 


range 


fracture in the opposite direction to the 
effect of carbon. The transition tompera- 
tures were generally lower for the plates 
with higher silicon and, with the exception 
ind average values 


of one plate, the range 


of silicon content vere lower for the 


fracture-source plates than for the plats s 
that did not contain a tracture source 
greater than 


in 20° of 


The silicon content was 
0.06% the middle of the rang 
the “fracture through” plates, 27% of the 
fracture end” plates and only 3.4% of 
the “fracture source’ plates 

Other Elements Similar plots (not 
shown) were made for each of the other 
‘lements found in significant amounts in 
the steels (Cu Ni. Cr, V Mio, Al and As 
and for the gases Ho, Ne and © No 
definite relations could be observed be 
tween the content of any ol these other 
elements, considered individually, aad 
either the transition temperature or the 
nature of the fractures. This indicates 
that the effects of other elements, in the 
amounts present in steels of this type, are 
considerably less than the effects of carbon 
phosphorus and silicon 

However, many of the other elements 
were present only in small amounts, or 
a3 in the case of manganes in limited 
ranges, in the group of st els under con 
sideration. Thus, it is possible that the 
effects of the relatively small variations of 
these other elements might be obscured 
by the greater effeets of carbon phos 
phorus and silicon. Tentative correction 
factors for these three elements, estimated 
from the slope of the seatter diagrams 
were added to the observed transition 
plates 


temperatures of the issumMINg 


provisiol ally, that the effeets of the in 


dividual elements might be additive, and 
that variations due to differences in 
nature of occurrence OF combinations of 
small im the steels 


The content of « ach 


elements would be 
under consideration 
against the 


element was then plotted 


corrected transition temperature and, 


with some of the variations at least par 
tially eliminated, the effects of other ele 
Corres 


idded 


process was rep ited several 


ments could be seen. Tentative 
tion factors for these elements wer 
and this 
times At each step the estimated cor 


reetion factors for each element were 
checked by the slope of the seatter dia 
grams, and modified if necessary 

A correction factor for the fracture grain 
s17¢ WAS determined m similar manner 
The addition of this factor 


differences between the 


practi lly 
eliminated the 
thickness groups, indicating that the gen 
erally higher transition temperatures of 
the thicker plates were due primarily to 
larger grain size 

The results obtained by this method in- 
dicated that the transition temperatures 
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of the steels studied in this investigation 


were inereased with increasing content ot 
irbon, phosphorus, molybdenum and 
arsenic and decreased with increasing 
ymounts of manganese, silicon, copper and 
nickel 

The foregoing results and the method 
bv which they were obtained seem to in 
dieate that the several influences might be 
incorpor ited ito an equiy ilence”’ for 
mula suc h as those used for estimation of 
hardenability or tensile properties The 
numerical evaluations of the most im 
portant of the faetors dete rmined bv the 
ihove method mav b represented tenta 


Hlowing 


15 ft-lb transition temperature ] 
70 + 30 4+ 300 % Carbon + 1000 
Phosphorus 100 ©, Manganese 
100 «x Siheor 5 & Fracture Grain 


Size Number 


While not ri 


of this tentative formula has shown that 


diy true, the application 


ver WOO] of the ship plates that were 
tested had transition temperatures within 
the range incdieated 


With the 


mopirical method 


Information obtained bv this 
isa guide, more rigorous 
statistical analyses of the data are u 
progress, in cooperation with the Statis 
tical Engineering Section of NBS 

It should be note | 
formula may not be applicable for com 


range 0.15-0.35% 


however, that this 
positrons vutsicte of the 


irbor 0.0-0.10% phosphorus, 0.0 
0.15% 


total of 0 2% molybdenum, hromium and 


silicon, 0.0-0.25°% copper or a 


arsenie combined, as larger amounts of 


these elements ma raise the transition 


temperature above the limit indicated. 
Residual nickel, and copper in amounts 
less than about 0.20°7 lower the transition 
temperature by a small amount, and need 
not be considered in the caleulation of the 
maximum 15 ft-lb transition temperature 
to be expected Other elements generalh 
ire present in such small amounts in steels 
of this tvpe that their effects appear to bye 
negligible 

This formula that transition 
temperatures m he decreas al by re chuc 
ing the earbon or phosphorus content, by 
increasing the manganese or silicon con 
tent or by mill practices that produce 
fine grain siz It also shows that. silicon 
in amounts up to 0.15%, 1s three times as 
effective as manganese 

While this work was still in progress 
Naval 


available 


results of an investigation at the 


Research Laboratory became 


Part Ul. 


FACTORS INVOLVED IN THE 
PREVENTION OF FATLURES 
There are three principal factors in- 


volved in the prevention of failures of 
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Phes hnvestigators determined — the 
effects of various elements on the transi- 
tion temperatures of laboratory heats of 
steelin which only one element was inten 
tionally varied, and also showed that the 


and kel 


fiects irt 
ire vel ! idditive 

In tt where the compositions 
eovered by Ul two investigations were 
similar. the results obtained by “working 
backward rom the compositions ol the 


fractured ship plates were in good agree 
ment with the results for the 15) ft-lb 
transition temp ture obtained at NRL 


the moore rhiforward laboratory 


ily 
method Chis appears to validate the 
provisional assumption of an additive re 
different ele 


ments llowever, the two Investigations 


lation for the effeets of the 


did not agree on the effeets of copper and 


vhich illustrates the dangers of 


silicor 
optimusth extrapolation In the low 


ranges of copper and silicon content found 


in the ship plates, these elements Appear 


to lower the transition temperature, but 


in the higher ranges covered by the NRL 


investigation, the transition te mperature 


is raised by further additions of these 


elements Further investigations at 


NRI ind 


similar research at another 


different specimen 
tvpes, have shown that the notch sensi 
tivity is first. lowered and then raised, as 
the copper or silicon content ts increased 
Che effects of some other elements also 
change, either in magnitude or direction, 48 
the content of the element is increased 
Phe work it NRL also showed that 


some elements, such as carbon 


change 
the shape of the transition curve for 
Charpy V-noteh specimens, so that the 
effeets of these elements are not the same 
or different criteria of the transition 
temperature All of these factors must be 
considered in evaluating the effeets of com- 
position on the notch sensitivity of hot 


rolled steels 


Phere ma ilso be interactions between 
rt elen ts that do not show up when 
onl i single element is varied Addi 


tional study is needed on the effeets of 


ombinatior of elements and of minor 

varinth residual cleoments or gases 
The metallurgical effects of welding and 

flame cutting ind the Inerease of noteh 


from deformation or 
Iso be considered, and 
the relation 


ye need to know more 


of these phenomena to the composition ol 


Discussion and Summary 


welded structures: First, the material 


mostly steel plates and weld metal, should 


POSSsess uniformly the properties antics 
pated by the Furthermore, 


these properties must not be affected ad 


designer 


1-s 


versely by the effects of fabricating opera- 
tions or conditions encountered in service 
Second, the design should aim to produce 
with economy of materials, weight, and 
cost, a structure functionally suitable for 
the purpose intended, with adequats 
strength in all parts ol the structure under 
all possible operating conditions. Third, 
workmanship or fabrication the work of 
the fitters, welders, supervisors and = in- 
spectors should carry out the ideas of the 
designer and must produce joints of the 
strength that he intended. Of course 
these three factors are somewhat inter- 
related, and there may be some other 
factors involved, such as the cost and 
availability of materials and fabricating 
facilities 

The failures in the ships usually involved 
a combination of these three factors, and 
were largely a result of the lack of adequate 
knowledge of (a) the significance of certain 
properties of structural steels, especially 
their relation to the performance of the 
steel in the presence ol multiaxal stresses 
ori structures containing notches or other 
discontinuities, (b) the effeet of fabricating 
operations such as welding, flame cutting 
or cold forming, or of service conditions 
such as low temperatures, on these signifi- 
eant properties of the steels, (¢) the distri- 
bution of stresses, both uniaxial and multi- 
axial, in) welded ships under different 
operating conditions and (d) the presence 
of welding defects, and the extent or 
severity of welding defects that may be 
tolerated in a structure under the eondi- 
tions encountered in service 

A number of the fractures originated 
in parts that are not ordinarily considered 
as strength members (such as scuffing bars, 
bulwark plates and cap rails, bilge keels 
or deck attachments) and propagated 
through welds into the hull) structure 
This shows that, even for non strength 
members that are attached to the hull by 
welding, the standards of quality of ma- 
terials, design and workmanship should be 
equal to those required in the hull strue 
ture itsell 

The incidence of failures in welded ships 
has been reduced materially by improve- 
ments of design details and of welding 
workmanship. However, is evident 
that stress concentrations caused by un- 
avoidable structural notehes or undetected 
welding defeets can never be entirely 
eliminated, Leven if the original construc- 
tion approaches perfection, a mechanical 
or metallurgical notch may be formed at 
any time during the life of a structure as a 
result’ of alverations, accidents, repairs, 
temporary attachments or even accidental 
touching of the steel by a welding electrode 
or an electrical conductor, Many of the 
failures did originate at such notches, 
introduced after the ship was in service 
This constitutes further evidence that 
the quality of the steel, especially with re- 
gard to notch toughness, must be con- 
sidered as a most important factor in the 
prevention of failures in welded structures. 


It has been shown that the plates with 
abnormally high notch sensitivity, in 
which fractures are most likely to originate, 
represent the relatively few plates whose 
notch sensitivity falls in the tail of the 
probability curve for steels of the quality 
used when these ships were built. This 
suggests two possible remedies: 

1. Improvement of the average quality 
of the steel with respect to notch sensi- 
tivity, by suitable specification require- 
ments such as composition, grain size or 
heat treatment. (In effeet, this would 
move the entire probability curve in the 
direction of decreased notch sensitivity, 
so that a much smaller proportion of the 
plates in the tail of the curve would fall be- 
yond acceptable limits of noteh  sensi- 
tivity.) 

2 Determination of the notch sensi- 
tivity of every heat of steel by inspection 
tests, and rejection of all heats that fail to 
meet suitable preseribed standards. (In 
effect, this would “cut off the tail’ of the 
probability curve. ) 

The first of these remedies would have 
the additional advantage that a larger 
proportion of the steels would have notch 
sensitivities low enough to halt the propa 
gation of anv fracture that might start 

In the application of either of the above 
remedies, however, due consideration 
should be given to the possibility that the 
notch sensitivity of the steel as fabricated 
in the ship may be considerably greater 
than the noteh sensitivity as determined 
by mull tests of the prime plate. It has 
been noted previously that, in addition to 
the faetor of design, nearly all of the 
Iractures originating in plates were 
elated with welds, flame cuts or deforma- 
tion of the plate, and in a number of cases 
notched bar tests have indicated that the 
notch sensitivity is inereased locally as a 
result of these operations It con- 
ceivable that this increase might be greater 
in some steels than in others, so that a steel 
which appeared to be relatively notch 
tough in the mill tests might be more 
notch sensitive, as a result of fabricating 
operations, than some other steel, For 
example, MeGeady Stout®? have 
shown that the inerease of notch sensitiv- 
ity after welding is much greater for some 
steels than for others of nearly the same 
notch sensitivity in the as-rolled condi 
thon 


SUMMARY 


The results of this investigation indicate 
that the struetural failures in welded ships 
were caused by stress concentrations and 
by steel that was notch sensitive at the 
operating temperatures. This conclusion 
is confirmed by results of laboratory tests 
of fractured plates, as well as by critical 
observations of the starting points and 
the circumstances of the failures. 

The starting points of the fractures 
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could be traced, invariably, to a point of 
stress concentration at a notch resulting 
from structural or design details, welding 
defects, metallurgical imperfections or 
accidental damage. The failures were 
relatively more numerous at lower operat- 
ing temperatures, and the few failures 
that did oecur at temperatures higher than 
about 50° F were not as extensive or 
serious as many of the failures which 
occurred lower temperatures. The 
fractures in the ships were of a brittle type, 
showing very little duetility but in 
tension tests the steels from the fractured 
plates showed normal strength and due- 
tilitv, which would meet the specification 
requirements under which these steels 
were purchased, 

All of the above features observed in the 
ship failures are typical of the behavior ot 
a notched specimen tested in tension or in 
bending, and are indications that notch 
sensitivity of the steel was a major factor 
in the failures. However, the fractures 
oceurred in relatively few of each of the 
different types of ships that were built 
and at different locations in these ships 
whereas the majority of the ships of the 
same design and construction did not 
fracture. These facets suggest that in 
relation to the conditions of stress con- 
centration that existed in these ships under 
various operating conditions, the lack of 
notch toughness was a borderline de- 
ficiency of a relatively small portion of the 
steels used when these ships were built 
That is, although similar notches resulting 
from design details or welding defects 
were undoubtedly present in all ships of a 
given type, fractures originated only when 
high stress concentrations at eritical loca 
tions in the structure occurred in combina 
tion with plates of usually low noteh 
toughness. This is confirmed by the 
Charpy V-notch tests of the fractured 
plates, which showed that plates in which 
originated the ships were 
generally more notch sensitive than plates 
which did not contain the source of a 
fracture, using «as the eriterion of notch 
sensitivity either the 15 ft-lb transition 
temperature or the energy absorbed by 
Charpy V-notch specimens at the failure 
temperatures of the respective plates 

Statistical Interpretation ol the data 
shows that under the conditions existing 
in a structure such as a ship, the prob- 
abilitv that a fracture will originate in a 
plate increases markedly with increasing 
notch sensitivity of the steel. The plates 
with abnormally high notch sensitivity, in 
which fractures are most likely to origi- 
nate, represent the relatively few plates 
whose notch seasitivity falls in the tail of 
the frequency distribution curve for steels 
of the quality used when these ships were 
built. Similarly, the probability that a 
fracture will end in a plate increases with 
increasing notch toughness. Fractures, 
once started, will continue to propagate in 
plates of intermediate notch toughness 
unless the stress concentration falls below 
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transition temperatures and the chemical . — 
ATURE OF FRACTURE 
compositions and grain sizes of the ship im PLATES TESTED 8° GAGE LENGTH FLAT SPECIMENS - PLATE THICKNESS 044°- 099 
| 
steels indicate that the notch sensitivity is SOURCE YIELD f D a TENSILE } 
increased by increasing amounts of carbon END POINT STRENGTH 
or phosphorus and dec rensed by 
357° DIAMETER SPECIMENS - PLATE THICKNESS 045° 069 
amounts of silicon or manganese, or by SOURCE L-I } ! } 
decreasing the grain size, and that these THRU | 
effects are apparently additive The im ENO 13 
provement of notch toughness that has 505° DIAMETER SPECIMENS - PLATE THICKNESS 059° 069° 
been attributed to a higher Mn oC ratio is SOURCE CI Ul J 
more probably a result of the additiv END crim 
effects of Increased manganese and de 
505" DIAMETER SPECIMENS - PLATE THICKNESS O70 cy 
creased carbon content SOURCE cD I 
Improvement of the general quality of THRU 
steels by specification re quirements for END CI J I I) 
chemical composition and grain size should 505° DIAMETER SPECIMENS - PLATE THICKNESS O8i" - | 50° 
be more effective the prevention of SOURCE 
THRU min Iz ) 
serious failures in ships than a minimum END 
10 20 40 so & 60 
determined by a suitable specification test 
one , TRANSVERSE TENSION TEST SPECIMENS 
Phe latter would merely eliminate a cer ‘ = 
tain proportion ol the pote ntial fracture 357° DIAMETER SPECIMENS PLATE THICKNESS 045-150 
ul laut wher the former would 
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also increase the proportion of potential END 
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Phe results of this inve stigation SOURCE 
the of notch sensitivity ind THRU 
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* An even more striking correlation betwee YIELD POINT, TENSILE STRENGTH - 1000 PS! 
Charpy V-notch properties and the nature of 
fracture is shown in the explosion bulge tests 
conducted at the Naval Reaearch Laboratory Fig. 33° Relation of yield point and tensile strength to the nature of fractures 
in whlch many of the unknows or uncentretiod in ship plates, for the different plate thickness groups and for longitudinal and 
variables involved in the ship failures were elim : : 
inated or reproduced under known conditions transverse tension test specimens of various types 
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505° DIAMETER SPECIMENS - PLATE THICKNESS OI" - 150° 
HULLS 


20 %” 40 


The requirements of the American TRANSVERSE TENSION TesT SPECIMENS 


Bureau of Shipping for tension test proper- 357° DIAMETER SPECIMENS ~ PLATE THICKNESS 0.45°- 1.50" 


Cri 
ties of structural steel plates not intended ELONGATION —_ ean 
for cold flanging are given in Table 5 CI 

for the requirement that “‘strue- = 

505" DIAMETER SPECIMENS PLATE THICKNESS 0597-069 

tural steels for hulls of vessels shall be [ cl 
made by the ‘open-hearth’ or ‘electric- 
furnace’ process,” the ABS specifications 
DIAMETER SPECIMENS - PLATE THICKNESS © 70°- 0 80° 
Cir 4 
making practice, Realizing the impor- ccm: 


before L948 did net include any require- | 505 
ment for chemical composition or steel- ELONGATION 


tance of not h toughness, the ABS revised 
its specifications in 1948S. As step 
ELONGATION 
toward insuring a more noteh-tough steel, 


40 


particularly in the thicker plates, the 

chemistry and steelmaking practice were 20 
specified as shown in Table 6. These re- GF 
quirements were continued without change Fig. 34 Relation of longitudinal and transverse elongation and reduction of 
in the new (1952) ABS specifications. * area to the nature of fracture in ship plates 
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Appendix 2 In analyzing these data, due considera by welding or flame cutting, or had been 
tion should be given to the following facts deformed in fabrication, in subsequent 
TENSILE TEST PROPERTIES OF a) Because of size effects and the fact that service or incident to the casualty, and 
FRACTURED SHIP PLATES plates are not homogeneous through the thus were not in theo iginal hot rolled con 
plate thickness, tests made with specimens dition 
The yield points and tensile strengths smaller than the standard 8-in. gage 
of plates in the source, through and end length, full-plate thickness specimens 
categories are compared in Fig. 33, for usually show a slightly higher vield point Appendix 3 
different plate thickness groups and for ind tensile strength, and a much larger 
longitudinal and transverse tension test percentage of elongation. However, the CHEMICAL COMPOSTTIONS OF 
specimens of various types. Similar com elongation and the reduction of area for hitk STEELS 
parisons for the percentage elongation and the smaller specimens were sufhic iently 
reduction of area are shown in Fig. 34 high to indicate satisfactory ductilitv in The chemteal CODLpPosttlons (cheek 
There is no distinct difference of the tensil the Strut tension test h Hot rolled wnalyses ol the majority of the steels 
properties of source, through or end plates plates are not homogeneous through the tested are given in Tables 7A, 7B and 7C 
The few plates that, by a narrow margin width of the plate or in different plates of for the three thickness groups The com 
did not meet the specification — re quire the same heat: hence, on a sampling basis positions of the idditional plates tested 
ments for tensile properties show no rela some differences would be expected ( since these tables and Figs. 31 and 32 were 
tion to the types of service failures In some cases the samples had been heated prepared sare in the same tr iuige 
Table 7 (4)—Chemical Compositions of 49 Plates, 0.41-0.69 In. Thickness 
wes 15 ft.-1b. Chemical Analyses, Percent lees Analyses, Percent Ratio 
Plate | Transition Lab. * = Spectrogrephic Determinations fan / 
Ho. Temperature C | P I si Cu | | Cr | v Bo Al | as Sa i> ] 
8 Plates Containing SOURCES of Fractures 
51B 135°F 0.22 9.55 0,009 | 0,0% 0,03® | 0,02° «<.02* <.01*" <,01® | 0,006*| 0,02¢ - 2.50 
198 122 N.B.S. -% | .009 | .038 | | | | <.003e] | | <.005*| <.03¢ 1.10 
113 N.B.S. .26 .027 -o7e -05® | <,01® | <.01® | <,004*] on on 1.62 
578 85 N.B.S. -20 -46* .018 | .024° .o73° -019*| -- -- 2.0 
83 N.B.S, .018 -028 -05° | <.03® -O1® | <,03® | <.003®] | <,006®/ <.005* | <,03* -- 1.48 
178 82 .28 -40 .008 .03° .03* .006" 022° 0.0098 | 0.0040 | 0.00011 1.43 
27: 80 5.B.S. -010 .026 <,02° <,01® «<.Ol* <,02¢ - 1.90 
Average 101 0.2069] 0,499] 0,022 | 0,0% 0,043 0.047 | 0.029 0,932 0,007 0,012 0,911 0,907 0.03 ), 01 9.0098 | 0.0040 | 0.Q0011 1.60 
21 Plates Which Were Fractured THRU . 
88 0.26 0.52 0,007 | 0.024 0.02® <,02® 0.0169} 0,03° -- 2.9 
85 W.B.S. 42 020 .053°® 203° | <,02® | <,01® | <,Q2¢ -- -- -- 1.91 
16a nr N.B.S,. 227 45 ~026 <.003" | <,.005* <.03° -- 1.67 
168 78 N.B.S, -28 -010 -028 .03° -04° | <,003® | <.03*® [<.01® -- 1.21 
15a 75 Y 225 42 010 03° .003" 019° 042* 02° - 6.0432 | 0.0099] 0.000% 1,68 
623 71 W.B.S. om 48 005 025 .060* 990° 020°} 007 | «<.01* wa? 1.80 
67 +25 -58*) .008 .018%) 020°] <.01® | <,005®/ <.01* | <,aze -- -- 2.32 
20D 65 N.B.S. -19 42 -017 035 03° i7® 04° -O14* «<.01* 0118 00012 2.21 
51¢ 60 N.B.S, .22 .008 ow -02¢ <,02° <.01° <.01* - 2,00 
N.B.S | 014 060 «<,02° 12° -04° | .05° <.01® .053® -- 00008 1,42 
wa Phile -48 .035 | 5 2 3 <,00) 06 -~ - 3080 .0041 00010 2.90 
778 42 8.B.S 23 42 .008 040 5° <,01® | « vs 09008 1,83 
47 N.B.S 47 41 bh <.01° o1° « -- x0 00015 2.04 
wa 4 20 41 010 ue <,007# ole 106" . oo oo 2.05 ‘ 
4) N.B.S 19 45 106 43 12° ow on 2.77 
574 2% N.B.S 18 106 27 <.002* | « on ide 2.93 
| 
Average 61 .233 | 0.453] 0.011 | 0.033 | 0.046 | 0,067 | 0.038 .071 | 0.907 | 0,009 | 0,910 | 008 Rs 1 124 | 0.9055 | 0.00016 1.97 
20 Plates Containing EXD of Fracture or NO FRACTURE 
38C % N.B.S 0.23 | 0.40 | 0.006 | 0.029 | | <,03* | 0,068 | <,03® | 0,01" | 0,02 05° | <.03° <.01° | 1.7% 
208 N.B.S 28 010 | 2026 | | <.01® | .04* | <.002*] <.01* le 1040 | 0.00241 9.00026 | 1,32 
62c 68 N.B.S, 49 | 42° 15° 29°} <,01" | 003" 015°! < 51° | <.02® |<. 1.% 
6a 65 Phile 27 42 .008 01 03 <,001 | - - ~ oo 1.45 
62a 64 W.B.S 23 48 009 | 04° 2° 02¢ | <,01® | < | <,02¢ ~ = 2.08 
194 62 N.B.S, n 032 | .0% | .028 028 | <,005*| - -- 1.89 
228 59 Phila. % 007 0% | .02 5 3 02 «<,00 06 - | - yer) all 
171 X 55 N.BS 2 40 09 025 | .035°] .09° 3° | <01" | «.01” | <,01° | | <,02° | 9052] .000)1 1,67 
54 29 52 10 o4* .05* 02° ov < 1¢ -013°] « 1° - - 2.4% 
46 Ladle 23 9 032 | .008 19 - 1.70 
1% 45 Phile 24 047 .02 02 900 an = 05 00010 1.75 
2 40 23 20] .010 | .035 05 ole 4° 2° 007 04°} — 0 382 | 00026 | 1.7% 
58D % 19 | our one <,ol* <,005* «<.02° ao oo 2.2 
u n.B.S 224 53 009 | 02° <,03* <,003" | <.005¢| <.03® | 2.21 
33 W.B.S 20 4) 10 .029 | .03° 5° 2° | <.02° | | - 2.05 
26a ~” N.B.S 22 016 | ove ow <,002* | <,005* | | <,o1* aa 1.% 
104 27 Phile 18 234 010 2025 205 ll % 05 <,00) 2 -- - 08 - 0163 0053 00015 1.89 
383 2% K.B.S .22 | .017 | .028 | .12° | <03° | .05* | <.003#| | <,005°| <.03° | <.018 = 2.00 
Average 0.230 0.4%] 0.012 0.0% 0.044 0.035 0.071 0.006 0.01) 007 0,021 P,009 -011# | 0.0052 70,00014 1.69 
verage All Plates 0.240 | 0.438] 0.013 0,02 0,044 0.059 0.035 0.07 0,007 0.01¢ 0,012 ),008 02 ) 12 ),0053 | 0.00015 1.88 
2 74 - 0,85- 
17- | .28-| .005-] .020- | .00- ol- | .o1- | .019-{ .oo1-| .00- | .002 03-1 .o02-| 174 .002%4- 
se] “061 | | | .19 | .16 | .07 | .02 | .06 | .070] .c2 | .053} 0434 .0003% | 2.60 
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SS. Ocean Vulcan Sea Trials 


Hk Admiralty Ship Welding Committee, in’ its 
study of the special problems arising from the use 
of welding in ships’ structures, has carried out a 
program of investigations to compare the struc- 
tural behavior of welded and riveted ships under the 
forces experienced at sea. 

There is reproduced, herewith, the conclusions of 
Report No. R.8, a book of 175 pages.* 

These conclusions relate only to the general observa- 
tions given in the present report and being based only 
on one ship, namely, the Ocean Vulcan, may not neces- 
sarily apply to ships of other forms and dimensions. 
The over-all conclusions from the trials, including those 
drawn from the detailed analyses (R.9, R.10 and R.11) 
and for the still-water experiments (R.6 and R.7) are 
set out in the final report R.12. 


VERTICAL LONGITUDINAL BENDING 
MOMENT 


1. The greatest range of vertical bending moment 
derived from these observations at sea was 190,000 
tons-ft, corresponding to a range of stress of 8 tons per 
sq in, at the top of the sheer strake amidships. There 
is no experimental evidence to show the actual division 
of this range between hogging and sagging, but theo- 
retical considerations suggest that the sagging moment 
constituted about 55°, of the total range. 

2. The above range of vertical bending moment was 
associated with waves 35 ft high and between 600 and 
700 ft long 
of even greater severity may be encountered, but it is 
estimated that for the Ocean Vulean the maximum 


According to oceanographical data, waves 


bending moment range due to waves is never likely to 
exceed 260,000 tons-ft. This corresponds to a stress 
range of 11.0 tons per sq in. at the top of sheer strake 
amidships. 

3. Slamming action was observed to cause stress 
ranges of up to +1'/5 tons per sq in. at the top of the 
sheer strake amidships. In the few cases in which 
slamming stresses were recorded these increased the 
peak sagging stress but did not increase the peak 
hogging stress 


* Price $8.00 British Information Services, 30 Rockefeller Plaza, New 
York, N.Y 


HORIZONTAL LONGITUDINAL BENDING 
MOMENT 


$. Horizontal longitudinal bending moments were 
observed in almost all wave conditions, and sometimes 
caused stresses of similar magnitude to those due to the 
concurrent vertical bending. The maximum range of 
horizontal bending moment observed was 80,000 tons- 
ft corresponding to a stress range of 2'/> tons per sq in. 
at the sheer strake amidships. The horizontal and 
vertical bending moments were frequently in phase and 
this resulted in the stress range on one sheer strake (or 
bilge) being very difierent from that of the other. 

5. The greatest horizontal bending moments 
occurred when the inclination of the wave advance 
relative to the ship’s course was between 20 and 50 deg. 
In head or following seas, which caused the highest 
vertical bending moments, the horizontal bending 
moments were relatively small. 


TORSION 


6. ‘Torsion moments derived from the records were 
small and therefore had little effect on the stresses on 
the hull girder. 


GENERAL 


7. The records show that, within the limits of the 
experimental accuracy, the water pressures measured 
on the hull were in agreement with those predicted trom 
the trochoidal theory of waves. 

8. Theoretical considerations, supported by the 
experimental evidence, show that for this ship in a sea- 
way the dynamic terms in the determination of the 
vertical longitudinal bending moments at amidships 
tend to cancel each other. In consequence a reliable 
estimate of these bending moments for any particular 
wave length and height in head or following seas can be 
made from the assumption that the ship is in static 
equilibrium on the wave, provided the Smith correction 
is applied. 

9. For the Ocean Vulcan the greatest range of bend- 
ing moment at amidships occurs when the length of the 
Wave approximates to the length of the ship (416 ft- 
BP) and according to oceanographical data the maxi- 
mum height ever likely to oceur for such a wave ts 
about 35 ft. 
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JOINING I|'.-in. thick phosphorized copper plate bottom and shell, using ANACONDA (¢ opper 
Grooves are ingled 60 to 9O root spacing 


in, Welds made 


with fou passes on one 


72 Welding Rod and Aircomiuatic process 
back chippin ind ome pars on other side. 


UNUSUAL COPPER WELDING JOB— 


1¥z2-in. thick plates welded at high speeds 


His Was an unusual job for any 
fabricating concern. It in 
volved four chemical process kettles 
formed from ['s-in. phosphorized cop- 
per plate into shells 6 ft. in diameter 
by 3 ft. deep and fitted with reversed 
dished bottoms 18 in. deep the bot 
toms welded to the shells. 

The welding process selected by The 
Ansonia Copper fron Works of 
Cincinnati, fabricators of the kettles 
was the Aircomatic process using 
ANnaconndA Copper-372* Welding Rod 
in coil. At the start of each weld, the 
work was preheated to only 300 F. 
With a welding current of 400-500 
amperes, the ‘i9-in. and “42-in. welding 
rod was ted in at speeds up to 396 
inches per minute. 

The welding of copper plate of this 
thickness is exceptional. Conventional 
methods would have required up to 2"% 


hours per foot of joint, but with 
ANACONDA Copper-372 Welding Rod 
ind the Aircomatic process the se porrts 
required only 13 minutes per foot 
Whatever typ of welding business 
you are engaged in—fabricating pro 


duction or repair there's correct 


ANACONDA opper or ¢ oppe Alloy 
Welding Rod for nearly every job 
They are available from distributors 
throughout the United States. Publica 
tion B-13 tells about them. For your 
copy, write to The American Brass 
Company, W aterbury 20, Connecticut 
In Canada: Anaconda American Brass 
Ltd... New Toronto, Ontario 


Patent N 220,484 


braze or weld with confidence— 


HERE'S THE FINISHED WELD. ANacoNnnA( “Op 


per-372 Welding Rod was used because 
welds deve lop full strength of annealed 
base metal without costly hammering 


| welding rods 


Fast production of high quality welds in 
aluminum, bronze, copper, nickel, stainless 


steel and the other “hard-to-weld” materials 
... that’s the money-saving secret of the 


Aircomatic® process! 
Lower costs through speed . . . With Airco- 
matic, these advantages add up to a tidy 


time-saving on every joint: high deposition 
rate ... lower weld metal requirements be- 
cause of the improved joint designs made 
possible ... and a sizeable reduction in the 
cleaning time provided by Aircomatic’s “no- 


slag” characteristic. 


New York 17, N. Y. 


welding costs 


Lower costs through quality ... Welds made 
with Aircomatic are unmatched for strength 
fusion, appearance and freedom from crack- 
ing and porosity because Aircomatic 
controls penetration and dilution . be- 
cause high current densities and concen- 
trated heat reduce distortion to a minimum. 
This inert-gas-shielded metal arc process 
can be used with manual guns like the 500- 
amp. Model 20 shown above, or automatic 


equipment. Upkeep and wire costs are low. 
Write today for the Aircomatic Catalog, 


and list of recently lowered wire prices. 


¢ Air Reduction Pacific Co 


R 
. 60 East 42nd Street ° 
OFFICES Air Reduction Sales Co. » Air Reduction Magnolia Co 
AND DEALERS IN Represented Internationally by Airco Company International _ 
Divisions of Air Reduction Company, Incorporated : 
at the frontiers of progress yow ll find eee 


MOST PRINCIPAL CITIES 


4 

| 

| gun for lower 
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